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Executive Summary 
Current e-learning standards and learning management systems lack functionality that 
allows for a learner-centered approach for planning individualized curricula. Most 
standard curricula are designed in a rather static manner, serving a particular type of 
learners with a predefined goal. Some ‘personalization' can be achieved by granting 
exemptions for certain parts of the curriculum, or by having a part of the curriculum to be 
filled in with a selection of optional courses. However, this approach is insufficient for 
creating targeted, `just in time' programs for learners with various backgrounds and 
various specific learning needs. 
 
In lifelong learning, the driving factor is not as much the desire to ‘learn something' as 
well as the desire to improve knowledge or performance. This might appear obvious, but 
it is essentially a completely different way of thinking: learning objects are not 
considered self-contained, but as building blocks that contribute to some advancement in 
one or more fields; the focus is on the underlying goal of learning. Further, the grown 
importance of information rather than training leads to a greater need for `conserving' the 
learning experience. Many training-based programs do not allow for information to be 
revisited very easily; often, a learner needs to skim through the whole program to find the 
desired target. 
 
We follow a combined top-down and bottom-up approach to fill this gap. First, we 
combine approaches from current e-learning standards and the less standardized 
approaches from the field of adaptive educational hypermedia. Missing links are 
identified, and at the same time the use of IMS Learning Design is explored for modeling 
curricula for lifelong learning purposes. 
 
The theoretical work is accompanied by field studies, to analyze the applicability of the 
theories in selected fields of practice. In the first study, we test to what extent IMS 
Learning Design fulfills the need for modeling an existing University curriculum. For the 
second study we took the more informal domain of digital cinema; we analyzed to what 
extent the envisaged flexibility of curriculum construction was needed.  
 
The specifications will be used for several services for individualized curriculum 
planning. The first service addresses learner positioning: the identification of learning 
objects that address the specific competences that a learner needs to acquire. Our initial 
approach is to explore the use of latent semantic analysis, a technique from the field of 
information retrieval that reduces the need for extensive metadata. The second service 
comprises navigation: the provision of a learner with a learning route through the 
selected learning activities.  As a first step, a next-best-step recommender is developed 
and evaluated. In the future, more extensive navigation and overview tools will be 
provided. The third service, learner support, allows learners to find peers who can help 
them with questions, or who can suggest specific activities. 
 
Finally, in order to provide this functionality, e-learning authors need to be provided with 
flexible tools to put their learning objects in a competence development program 
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repository, and to specify relevant relations between the learning objects – created by 
themselves and by others. RDF editors, query interfaces and graphical overviews for 
competence development programs, the underlying domains and learner profiles are 
created to fill this gap. 
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1 General Overview and Outline 
In our largely knowledge-based society there is a growing need for continuing 
professional development, in order to deal with the evolving character of professional 
knowledge and technologies. Currently, education at high schools and universities is 
considered just the mere beginning of a process of lifelong learning (Cheetam and 
Chivers, 2005). Those learning activities that are aimed at maintaining or increasing the 
level of a worker’s competence are generally called competence development 
programmes. 
 
Competence development is generally not limited to formal learning activities that lead to 
certificates or degrees; many lifelong learning activities can be characterized as non-
formal learning – on-the-spot training, possibly offered by peers –, or as informal 
learning – the acquisition of knowledge and skills by practice rather than intentional 
learning (European Commission, 2001). 
 
In order to support these activities, a technological infrastructure is required for storing, 
organizing and sharing the various bodies of knowledge; in addition, this infrastructure 
should provide lifelong learners with learning objects that fit their individual background 
knowledge, learning objectives, and other needs. 
 
Technological support for learning activities is not a new concept; a substantial amount 
of research has been carried out in the field of adaptive and intelligent Web-based 
educational systems (Brusilovsky and Peylo, 2003). However, the broader field of 
competence development poses several additional challenges and requirements, as 
compared to mere educational programmes. 
 
In this introductory chapter we provide a general overview of the underlying concepts 
dealt with in work package 7. In the next section we describe the concept of competence, 
which is the core concept dealt with by competence development programmes. We 
continue with a brief discussion on competence development programs, followed by a 
description of the core services that we intend to provide: learner positioning, navigation 
and learner support. We conclude with an overview of the research activities reported in 
this document. 
1.1 Competence 
Cheetam and Chivers (2005) define competence as ‘overall, effective performance within 
an occupation, which may range from the basic level of proficiency to the highest levels 
of excellence’. A key observation from this definition is that the concept of competence 
relates three different dimensions: 
- a person’s competencies1 - knowledge, skills, attitude, or any psychomotor or mental 
activity which may require mastery (Cheetam and Chivers, 2005; Open University of 
the Netherlands, 2003); 
                                                 
1 For sake of simplicity and due to the overload of the term competency, we will use skill as a synonym 
henceforth. We do acknowledge that the term skill only partially covers the concept of competency. 
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- an occupation, which may range from hobbies and sports to professions; we prefer to 
use the more general term context instead; 
- the proficiency level of a person with respect to a context; proficiency may be 
expressed by a collection of skills, by some demonstration of appropriate behaviour 
in the context, or by competences in related contexts. 
 
As persons may have various occupations, they may have various levels of competence 
for each occupation. For example, John might excel in his job as a dentist, but his 
qualities as an orthodontist are mediocre. Yet, there is an overlap in the knowledge and 
skills required for both professions, and skills learned in the former profession might 
increase competence in the latter profession. 
 
1.2 Competence Development Programmes 
We define Competence Development Programmes (CDPs) as formal, non-formal, or 
informal collections of learning activities and units of learning, which are used to build 
competence in a certain discipline or job. The learning activities and units of learning are 
relatively independent from each other – as compared to a unit of learning, which is a 
tight integration of learning activities. Depending on the competencies to be built, these 
programmes can be small or quite extensive. 
 
We envisage that CDPs can be greatly facilitated by so-called learning networks – 
people, institutions, learning objects and autonomous agents, which are connected by ICT 
networks (OUNL, 2003). Within these networks, learning units can be created and shared 
in a distributed, self-organized manner. In a sufficiently large learning network, the 
various bodies of knowledge existing in the group allow for the creation of learning 
programmes that fit an individual learner’s need. 
 
These programmes may include formal programmes offered by institutions, such as 
predefined curricula. We envisage that many competence development programs will be 
rather non-formal in nature, such as learning material that is freely accessible but without 
any formal planning or evaluation. The benefit if this kind of non-formal learning is that a 
learner can better align his learning efforts with his natural work flow. Even more 
integrated into the work process would be the informal learning processes that take place 
on the work floor, such as peers exchanging knowledge with one another or making use 
of reference material or online help systems. 
 
In the field of Web-based educational systems technologies for adaptive group formation, 
peer help and adaptive collaboration support are well-researched areas (Brusilovsky and 
Peylo, 2003). These forms of group learning allow learners to discuss with one another, 
to find the most competent peer to answer a question, share learning routes, provide 
useful annotations and links, and to stimulate one another. In the context of competent 
development programmes these ideas can be extended to professionals exchanging 
knowledge and instructing one another. 
 
Clearly, if a learning network would mainly be based on self-organized, peer-to-peer 
networks, it would be hard to assess the quality of any competence development 
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programme. For this reason, there is the need for a formal specification of the 
programmes, and assessment of their effectiveness. In the field of CDPs several 
specifications of curricula and training programmes exist (e.g. CDM, 2004). One of the 
goals of the TenCompetence project is to find a mix between these formal learning 
programme specifications and experiences with informal (group) learning activities into a 
specification to guide lifelong competence development programmes, as envisaged in this 
section. The various aspects that are relevant to this goal are dealt with in the upcoming 
sections. 
1.3 Core CDP Services 
As all learners who enter a network of lifelong learning have their own expertises, goals 
and learning styles, it is a challenge to match the individual characteristics with the 
possibly vast variety of learning content. One of the main goals of the system is to 
provide learners with selections of material that fit their background and learning goals, 
and not to force them to follow one predefined programme for each competence that they 
want to achieve. This implies that the system should be able to generate individualized 
programmes, and to support the learners in their progress – or at least to foster the 
support for the professional tutors. 
 
To be capable to respond to these tasks, a number of core services is defined that are 
specific to the needs of competence development: 
- a positioning service, which maps the learner’s background onto a learning 
programme; 
- a navigation service that generates or adapts a programme, based on the learner 
position; 
- a learner support service, which provides a framework for the organization of 
learning activities and communication with one another. 
 
These services will be explained in more detail in the remainder of this section. 
1.3.1 Positioning Service 
Positioning is the process of mapping learner characteristics – as received by an e-
portfolio or by a personal competence development plan – onto learning programmes, 
which consist of learning units in a learning network. These learner characteristics may 
include learner goals, prior knowledge and the interaction history. The position process 
should enable to select those learning units that are relevant to a learner’s individual goal, 
and to leave out learning units that are not relevant, already known, or beyond a learner’s 
current capabilities. In formally accredited competence development programmes, this 
step would provide obligatory items and formal exemptions; in informal programs, this 
step would generate recommendations. Such a service requires prior competence 
assessment, the creation and maintenance of e-portfolios and finally the allotment of 
learners to courses. 
 
Considering the nature of the network envisaged, maintaining data on these 
characteristics and ensuring their integrity are difficult tasks. Several issues will need to 
be solved, like the selection of suitable approaches toward learner assessment, preferably 
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as efficient and as autonomous as possible.  A further issue is the mapping of the raw data 
from the user e-portfolios – which may contain lists of finished courses, their 
descriptions, questions asked and answers given – to a model of the learner in the 
learning environment. 
 
We are currently exploring several fields to deal with the challenges given here. Various 
approaches can be thought of, including content-based techniques such as LSA, usage-
based techniques such as clustering and stereotyping, logical representations and 
reasoning mechanisms, collaborative filtering and Semantic Web techniques. 
 
In order to reduce the authors’ need to provide a large amount of metadata, and in order 
to be able to make use of existing curricula, we have opted for a content-based approach, 
making use of Latent Semantic Analysis (Landauer et al, 1998), a technique quite similar 
to classic information retrieval methods. LSA is different in the sense that it provides a 
kind of factor analysis (based on singular value 
decomposition), that analyses data (e.g. texts) and orders it on certain underlying 
dimensions. New text can be interpreted by mapping it on the domain specific 
underlying dimensions from which it was extracted. This provides for a mechanism to 
interpret the meaning of words and allows for reasoning within specific domains. 
 
1.3.2 Navigation Service 
Once the learner has been positioned in a learning network, there is the need for an 
adaptive and flexible approach to provide the learners with means for orienting and 
navigating through a learning network’s learning courses and units (Tattersall et al., 
2004). Predetermined fixed paths in accredited programmes restrict the possibilities of 
self-direction of the learner and are not necessarily the most appropriate sequences for the 
individual needs of a learner. Regarding non-accredited programmes on the other hand, 
the learner is on his own, which may quickly lead to frustration and drop-out, because of 
the lack of overview. 
 
In order to cater the individual learner needs, the TenCompetence system will need to 
provide adaptive navigation support that puts the learner centre-stage. From the field of 
adaptive hypermedia (Brusilovsky, 2003) several personalization techniques can be 
borrowed. These include individualized overviews of the learning courses and units, and 
the learner’s history; relevancy indication of internal or external links within the network; 
guided tours and collaboratively generated trails, recommendations and annotations. 
 
Adaptive navigation support provides personalized views on the way learning material is 
linked. These links may or may not be embedded in the content regions. Links within the 
text are usually associative links, which interlink semantically related concepts. Links 
that are not embedded in the text - such as menus, indexes and site maps - expose a 
document's primary structure and therewith function as contextual navigation aids. Both 
types of links can be adapted to the user needs. Disabling, removing or annotating 
associative links (Brusilovsky, 2001) can help users to find relevant items more easily, 
but does not provide the context information needed to prevent disorientation or cognitive 
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overload. Therefore, many research projects have focused on adaptive contextual 
navigation aids. These projects can be categorized as either focused on the user's local or 
global spatial context or on the user's temporal context. 
 
Strategies found in the former category include personalizing or adding textual or 
graphical views of relevant parts of the document structure (Brusilovsky, 2001). Site 
maps, contextual menus, direct guiding and recommendations help users to decide where 
to go. Most strategies in the latter category concentrate on various visualizations of 
previously visited pages. Several examples are mentioned in (Tauscher, 1997). 
 
Similar to the knowledge representation approach, the underlying assumption is that user 
interaction with a system is predictable to a certain extent. In contrast, machine learning 
techniques make less assumptions of the initial model. In general three approaches can be 
identified (Zukerman, 2001): 
• detecting patterns in user behaviour; 
• matching user behaviour with the behaviour of other users; 
• classifying users or hypermedia content based on user behaviour. 
The first approach is useful when the aim of the adaptive system is to respond to 
recurrent behaviour or to infer items that may be of the user's interest. The second 
approach is useful when a user behaves in a similar way to other users and is typically 
used for making recommendations involving items not seen before. Common 
applications of the third approach include stereotyping and the modelling of user 
interests. 
1.3.3 Learner Support Service 
The TenCompetence network will be particularly attractive to self-directed learners, who 
can plan themselves which learning programmes to follow, at what times, at which 
location, and with what speed. However, in particular in these kinds of non-accredited 
learning programmes, learners often lack a tutor to offer support, when needed. 
Furthermore, the lack of feedback and interaction with peers may lead to motivation 
problems. 
 
To address these issues, Kester et al. (submitted) proposes the following approach toward 
peer-to-peer tutoring: if a learner issues a content-related question to the system, the 
system will first try to find an appropriate answer in the existing resources, such as 
FAQs, forums and user-editable wiki pages. If the result would not sufficiently meet the 
learner’s expectations, the learner could decide to ask help from a peer-tutor. It will be 
the system’s responsibility to select the most suitable candidates. Ideally, a peer-tutor 
should be sufficiently experienced in the relevant field, but preferably not too far ahead 
of the learner; in this ideal situation both the learner and the peer-tutor can draw benefits 
from the interaction. Following the same principle, transient communities of peers 
interested in the same topic can be created, who can support and motivate one another. In 
addition, professional tutors can be contacted to further support the process. 
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1.4 Discussion and Overview of This Document 
The aim of the TenCompetence project is to provide a generic infrastructure for a 
European learning network, to develop a new form of education delivery that goes 
beyond course and program centric models, and to envision a learner-centred and learner-
controlled model of lifelong learning. 
 
In this document we concentrate on which basis to build the functionality described in 
this introductory chapter: a standard-based description of competence development 
programs, the underlying real-world domain, and the description of learning paths that 
learners can choose to follow. 
 
The past decade has seen a plethora of research initiatives, ambitions and standardization 
efforts in the related fields of learning management systems, adaptive educational 
hypermedia and competence development programs – all of them with a slightly different 
focus than our ambition to support lifelong learners in developing their competences. In 
order to ensure the applicability of our modelling efforts, and not to reinvent the wheel, 
extensive background research has been carried out, and the results form the basis of the 
modelling efforts reported in this document. 
 
In chapter 2 we describe current initiatives to describe curricula have been explored. 
Concerns of educational providers, learners and governmental bodies, the requirements 
and lessons learned from a number of projects – CUBER, the Tuning Project, ECTS, 
CDM and XCRI. 
 
In chapter 3 we adopt a top-down approach and investigate the requirements for lifelong, 
learner-centred learning that need to be met by state-of-the-art competence development 
programs. Based on insights from the field of adaptive educational hypermedia, the 
concerns are separated in a number of models. For each model we discuss the 
requirements it should meet, and the approaches followed in related research. The chapter 
concludes with a discussion on the learner-adaptive functionality to be provided, and the 
tools that are currently available or that need to be developed. In chapter 4 we consolidate 
these findings in a set of formal UML models. Rather than attempting to exhaustively 
model all elements that might be relevant for learner-adaptive competence development 
programs – an approach that can be seen at many standardization efforts –, we adopt an 
eclectic approach, which concentrates on the main functionality to be provided. 
 
In chapter 5 the findings from both research lines – bottom-up and top-down – are related 
to selected fields of expertise. First, the applicability of IMS Learning Design is 
investigated by using this standard for describing the Psychology curriculum offered by 
the Open University of the Netherlands. From the results it becomes clear that IMS LD 
provides a flexible approach for modeling the programs, even though the program gives a 
lot of flexibility to the students and is quite complex in structure. At the same time, it 
becomes clear that more research is needed to identify the relevant metadata to describe 
characteristics of the curricula. Second, we investigated to what extent the needs of 
competence development programs in the domain of digital cinema are covered by the 
top-down modelling approach described in chapter 3. From the results it becomes clear 
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that these shorter-term competence development programs are more rigid in structure 
than university curricula.  
 
The applicability of our modelling approach for software development has been 
investigated by the development of two prototypic systems, which are discussed in 
chapter 6. An outlook on future work is provided in the concluding chapter 7. 
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2 Current Initiatives to Describe Curricula 
In this chapter we provide an overview of current initiatives to describe curricula. In the 
first section we shortly describe the various stakeholders and their concerns – which 
issues are to be solved by a learning path specification. In the second section we further 
investigate the requirements on metadata for curricula and experiences of various projects 
in the field. The results are summarized in a concluding section. 
 
Notions like the “European area of higher education” (Bologna-Declaration, 1999) and 
Learning Networks (Koper, Rusman, & Sloep, 2005) are still merely concepts rather than 
realities, although quite some progress has been made in setting up projects and 
infrastructures to start realising them (CUBER, 2002; ECTS, 2005; PLOTEUS, 2006; 
TENCompetence, 2005; TUNING, 2004). Both notions are directed towards 
enhancement of flexible lifelong learning by removing international and institutional 
barriers to the exchange of educational opportunities. In lifelong learning the learner is 
self-directed and might perform different formal and informal learning activities in 
parallel: take a job-related training course at work, retrieve information from the Internet 
and study for a master’s degree at a university in the evening. For learners to be self-
directed, they must be able to oversee what is available and determine how this matches 
their needs, preferences, prior knowledge and current situation. Enhancing comparability 
and exchangeability of education across institutional and even national borders evokes 
additional challenges, for as lifelong learning opportunities are expanding traditional 
facilities like course catalogues or face-to-face study guidance are no longer adequate to 
support learners in choosing the learning opportunities that best meet their needs. Ideally, 
information about learning facilities should be amenable to automatic processing, thereby 
enabling learning brokerages or software agents to intermediate between learners and 
learning providers to identify the most appropriate steps to be taken at any point in a 
learning lifetime (TENCompetence, 2005).  
 
Learning Networks are envisaged to facilitate a broad variety of learning opportunities in 
a particular domain, covering both formal and informal learning, both emergent and pre-
planned competence development offerings suggested by different providers. This means 
that learners may acquire the same competence level by following different routes or 
paths through a Learning Network. Considering the wide variety of offerings that are 
available through Learning Networks learners will need to be supported in finding their 
way (Tattersall et al., 2005). In order to support learners choosing a path towards their 
goal Learning Networks must describe available offerings and routes towards goal 
attainment in a way that they can be compared. To this effect learning paths or 
competence development programmes must be described in a uniform and meaningful 
way. Obviously a common understanding and deployment of competence levels in a 
certain domain have to be realised before learning paths towards attainment of these 
competence levels can be described in a uniform way (Karagiannidis, Sampson, & 
Cardinali, 2001). The issue of a standardised way to describe competences and 
competence levels within a particular domain will not be further addressed here. This 
chapter will compare several current initiatives to make educational offerings comparable 
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and exchangeable, assuming that commonalities in these approaches can be considered to 
represent “must have” requirements for a learning path specification.  
 
 
2.1 A learning path specification: the problems it should help 
solve 
 
The aim to create an European area of higher education requires convergence of 
education structures and has led to calls for an “over-arching European credit 
accumulation and transfer framework that can make system intelligible to system” 
(Adam, 2001). Most European higher education systems have witnessed reforms to their 
organisation and qualification structures in the wake of the Bologna Declaration. 
However, despite a broad adoption and use of the European Credit Transfer System 
(ECTS), the desired transparency and convergence of higher education systems still 
hasn’t been achieved (Adam, 2001; Karran, 2004). Apart from difficulties stemming from 
different deployment of the system, ECTS is “totally input-focused (workload-based) and 
does not admit to output-based (learning-outcome) approaches” (Adam, 2001; TUNING, 
2004), whereas true transparency would require that credits gained from different types 
and levels of educational experience are clearly labelled, identified and understood.  
 
Although our main focus is to develop a learning path specification to facilitate 
navigational support for learners, other stakeholders are involved as well. Regarding 
comparability and exchangeability of programmes several stakeholders can be identified, 
each with their own expected benefits.  
 
2.1.1 Educational providers: compete and cooperate 
The creation of an European area of higher education by no means implies that higher 
education will evolve to the point of a unified European curriculum. Higher education 
institutions do not look for harmonisation but for points of reference, convergence and 
common understanding. Educational providers want to attract learners. Even if learners 
have subscribed to a programme offered by a different provider, the programme might 
leave room to weave in units of learning from other providers. A formal, interoperable, 
standardised approach supports portability of route information, so that units-of-learning 
completed with one provider can be interchanged with units-of-learning in a programme 
offered by another provider. For a single provider it would promote sustainability of 
programme information, so that as new versions of the programme are introduced 
learners can be automatically mapped on the new version. (Tattersall et al., subm).  
 
Educational providers might compete in several respects: content, delivery mode, 
teaching methods. On the other hand a provider might want to cooperate with other 
providers for instance to jointly develop units-of-learning or programmes in order to 
reduce costs (cf. CUBER Enterprise (CUBER, 2002). In making offerings more 
comparable a formal learning path specification would help providers demonstrate and 
possibly promote their specialties and could help identify opportunities for cooperation. 
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Besides comparability of learning paths is elementary to guidance systems that can offer 
advice on alternative ways to reach a goal.  
 
2.1.2 Learners: facilitate learners’ choices  
Learners gain from a broad variety of learning opportunities that they can choose from, 
especially if it increases the chances of finding learning events that match their needs and 
preferences. However a broad variety of offerings that are available across providers also 
makes it more difficult to get an overview of the options and to choose from them. Or as 
the CUBER website puts it: “Quite often, education seekers are faced with this situation:  
Information is outdated or incomplete, there are differences in quality and levels of detail, 
different media are used to deliver information - which makes comparability impossible.” 
(CUBER, 2002).  
 
A learning path specification enables the presentation of educational offerings to learners 
in a way that makes them comparable so that: 
a. learners know what learning opportunities are available to reach their goal 
b. learners know how they can combine offerings of different providers 
c. learners can be enabled to make combinations without having to set up formalistic 
procedures for approval 
 
2.1.3 Governmental bodies: calibrate to compete 
European governmental bodies and National governments both want their educational 
institutions to become more competitive and to attract foreign students and staff by 
developing centres of excellence. In order to compete it is necessary to be able to 
compare offerings as well as the quality of offerings. A learning path specification would 
not only facilitate comparability but might include data regarding the quality of the 
programme.    
 
2.1.4 Publishers, Catalogue providers 
Finally publishers and catalogue providers will benefit from a standard programme 
description and accompanying metadata system to communicate their offerings. 
 
Having thus described the purposes of a learning path description, the next step is to 
identify the requirements for a learning path specification for it to fulfil the purpose of 
facilitating navigational support. 
 
2.2 Requirements for a learning path specification 
 
The main objective is to develop a learning path specification to describe the structure of 
programmes (curricula, training programmes, personal development programmes, etc.) in 
an interoperable way. There is no specification available yet that can describe the 
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structure of these curricula in a formal, semantic, computer interpretable, and 
interoperable way. Current initiatives fail to relate course information and curricula to 
competence hierarchies and to an interoperable competence description. We start the 
requirements analysis by exploring current metadata specifications to describe 
educational content and ‘lessons learned’ from previous initiatives aiming towards 
comparability and exchangeability of educational offerings. 
 
2.2.1 Metadata standards 
 
Though both the Dublin Core Metadata (DublinCore, 2002) and Learning Object 
Metadata (LOM, 2002) are metadata standards for the description of resources, ratified 
respectively by ISO and IEEE (McClelland, 2003), they address different purposes: 
whereas the Dublin Core Metadata initiative focuses on networked information discovery 
and retrieval, the LOM metadata are directed towards more general management and 
deployment of learning objects (Sutton & Mason, 2001). Although often referred to in 
relation to “resources” or “learning objects”, suggesting small chunks of educational 
material, these metadata are applicable to entire courses as well, or even programmes as 
becomes clear for instance in the LOM element “Aggregation level” which gives as an 
example for the largest level of granularity a set of courses that lead to a certificate.  
The Dublin Core Metadata set consists of 15 elements compared to 60 elements in the 
LOM Metadata. A study of several projects using Dublin Core Metadata in the field of 
education identified four general classes of attributes considered useful for information 
discovery and retrieval, that were not expressible through the use of the15 DCM 
elements: audience, duration, learning processes/characteristics and competencies (Sutton 
& Mason, 2001). This result seems to suggest that although the Dublin Core Metadata set 
is clearly less detailed than the LOM Metadata, the full set of 60 LOM elements might be 
more elaborate than needed in practice. On the other hand, there have been initiatives to 
make educational offerings comparable drawing on the LOM Metadata, that came to 
propose some extensions to this metadata set, as will become clear in the next section. 
 
2.2.2 Making educational offerings comparable: lessons learned  
 
The UK Report of the National Committee of Inquiry into Higher Education (NCIHE, 
1997) recommends that “clear descriptions of programmes should be developed so that 
students are able to compare different offerings and make sensible choices about the 
programmes they wish to take”. Several initiatives have been developed to make 
educational offerings comparable, some of which are on a more general descriptive level, 
whereas others take these general descriptions one step further by modelling the 
information into technical specifications. In the next sections these approaches will be 
described to see what requirements for a learning path specification can be derived from 
their experiences. 
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2.2.2.1 CUBER 
 
The CUBER system is designed to be a search engine or a broker system that enables 
potential students to search for study units from a number of higher education 
institutions. The goals of the CUBER system (Pöyry, Pelto-Aho, & Puustjärvi, 2002) are 
to :  
1. enable comparison of courses from different providers and to find the best 
matches to one’s personal educational goals 
2. take learner’s prior knowledge into account 
3. take various target groups and learner’s specific constraints into account 
4. provide information on how courses are integrated and to make it possible to 
generate a complete curriculum plan 
5. provide information on degrees and (international) recognition of degrees and 
certificates 
6. facilitate searching according to personal preferences and keywords 
7. enable the learner to create an own user profile and save it for later searches. 
 
The system consists of three main components: a knowledge base for standardised course 
descriptions, a search engine and an authoring interface for entering and maintaining 
metadata (Pöyry, Pelto-Aho, & Puustjärvi, 2002).  
As the project aimed towards interoperability and wanted to enable data exchange 
between systems, the metadata specification of CUBER was based on the then emerging 
LOM standard. Interestingly a questionnaire was used to gather information about 
courses from each partner country. Although answers given were at times very general, 
the results offered some valuable suggestions for the CUBER metadata specification 
(Lamminaho, 2000). What was identified as missing in LOM were elements to describe 
“examination method”, “pedagogy or teaching method”, “teacher” and “study guidance”. 
Though some modifications were introduced, the LOM standard was extended without 
compromising the compatibility and interoperability provided by the standard (Pöyry, 
Pelto-Aho, & Puustjärvi, 2002).  
Another study was directed towards finding out which parameters and rules guide 
decisions regarding course acknowledgement (i.e. parameters and rules used in 
comparing two courses for exchangeability), with the goal to include these parameters 
into the CUBER metadata model (Ramos, Kautonen, & Keller, 2001). The main result of 
the study was that the CUBER metadata scheme 2.0 included all fields necessary to 
represent parameters used in course comparison: credits, content, extent (detail of 
content), difficulty and examination method.  
 
2.2.2.2 Tuning Educational Structures in Europe 
 
A further initiative to make educational offerings comparable is the Tuning project 
(González & Wagenaar, 2003; TUNING, 2004). The Tuning project focuses on 
educational structures and content of studies. For Higher Education institutions the 
reforms in the wake of the Bologna Declaration mean the actual starting point for a 
discussion on the comparability of curricula in terms of structures, programmes and 
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actual teaching. An important conclusion of this project is that the only reliable way to 
compare courses and study programmes is to look at learning outcomes and competences. 
On the basis of defined learning outcomes and competences, the workload involved to 
acquire these outcomes (as expressed in credit points) are an important tool for designing 
curricula, but credits as such are not a sufficient indication for the (level of) learning 
achievements.  
Competences describe learning outcomes: what a learner knows or is able to demonstrate 
after the completion of a learning process. This involves both subject specific 
competences and generic competences, like communication skills and leadership. The 
Tuning project aims at identifying points of reference for generic and subject-specific 
competences in a series of subject areas: Business Administration, Education Sciences, 
Geology, History, Mathematics, Physics and Chemistry. University staff, students and 
employers have been consulted on the competences they expect from graduates.  
According to Wagenaar “The beautiful thing of (comparable) competences and learning 
outcomes is that they allow flexibility and autonomy in the construction of curricula.” 
(Wagenaar, 2002).  
The Tuning project proposed to introduce extra descriptors as an extension to the 
European Credit Transfer and Accumulation System (ECTS – see next section), namely 
level and type and type of courses. Level for instance could be defined on a scale 
distinguishing “Basic”, “Intermediate”, “Advanced” and “Specialised” levels. Besides the 
descriptor ‘type of course’ could be used to distinguish between “core course”, “related 
course” (supporting for the core) and “minor course” (optional or subsidiary course) 
(González & Wagenaar, 2003).  
Although the Tuning project did not involve a detailed description of course or program 
metadata, it offers some useful insights regarding characteristics to be taken into account 
in comparing different educational offerings. 
 
2.2.2.3 European Credit Transfer and Accumulation System (ECTS) 
and Diploma Supplement 
 
The European Credit Transfer and Accumulation System (ECTS, 2005) aims to make 
study programmes easy to compare. It is a student centred system based on the 
(estimated) average student workload required to achieve the objectives of a programme 
of study and its constituent parts. ECTS can be used for accumulation within an 
institution and for transfer between institutions. Besides its basic parameters - workload 
and learning outcomes - can also be applied to self-study and work experience, thus 
making it a suitable instrument in the context of lifelong learning as well.  
ECTS draws on the principle that the workload of a full-time student during one 
academic year (1500-1800 hours) equals 60 credits, so one credit equals around 25 to 30 
working hours. Credits are allocated to a study programme and its constituent parts. They 
are allocated based on a realistic estimation of the student workload required for the 
average student to achieve the learning outcomes. Learning outcomes are described as 
“sets of competences, expressing what the student will know, understand or be able to do 
after completion of a process of learning, whether long or short. (..) Learning outcomes 
specify the requirements for award of credit.” (ECTS, 2005) 
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A third parameter – grading scale – also contributes to transparency and transfer of one 
grading system to another. The scale offers a simple tool to compare grades achieved in 
different grading systems: learners obtaining passing grades are scaled on a range from A 
to E depending on their performance relative to the performance of others, e.g. the best 
10% are awarded grade A. This parameter could be relevant for the learning path 
specification for instance when a curriculum would for instance specify a minimum grade 
achieved in one course as entry requirement for another, rather than a crude pass/fail 
distinction.  
 
The ECTS Information Package/Course Catalogue document offers a checklist of items 
in three categories that should be described in order to make study programs easy to 
understand and compare and to provide essential institutional, academic and practical 
information: Information on the institution, Information on degree programmes and 
General information for students.  
 
2.2.2.4 Course Description Metadata (CDM) 
 
The Course Description Metadata specification is a Norwegian initiative that addresses 
the description of course units and other educational offerings at all levels. “It specifies 
the structure and semantics of key concepts used in course descriptions” (CDM, 2004). 
CDM intends to facilitate description and exchange of information about course units, 
standardization of course unit descriptions, establishment of national and international 
course catalogues, course portals and other student services.  
CDM groups metadata in four types:  
1. Organisation unit type represents an organisational unit that provides study 
programs and courses. A given program or course may be provided by multiple 
organisational units. Besides an organisational unit can have a hierarchical 
structure (e.g. university, faculty, institute). A total number of nineteen part 
elements offer the possibility of detailed descriptions of an organisational unit, 
including admission information, student facilities and courses and programs 
provided by the unit.  
2. Program type contains the description of a study program. A study program can 
have a hierarchical structure with subordinate study programs.  
3. Course type. A course is defined as “a complete unit of instruction that provides 
the learner with the knowledge or skills required for competence in a subject 
matter”. Within the CDM frame of reference it refers to an academic or vocational 
course arranged by a course provider. A course is the lowest level that can offer 
credits or recognition within an educational institution. 
4. Person type, finally contains the description of a person with the focus on 
providing contact information.    
 
CDM seems to start mainly from the perspective of educational providers and the course 
information they currently offer to (potential) students. This becomes clear for instance in 
the fact that information on student facilities is defined at the level of the organisational 
unit rather than at course or program level.  
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2.2.2.5 XCRI: eXchanging Course-Related Information 
 
Drawing on CDM specification the XCRI (eXchanging Course-Related Information) 
project has worked on defining a generic course description specification for the UK 
(XCRI, 2006). The overall aim of XCRI is to define a vocabulary and appropriate 
technology bindings (e.g. XML, RDF) for describing course-related information that 
encompasses course marketing, course quality assurance, enrolment and reporting 
requirements. The XCRI project prioritises fragments of curriculum and aims to capture 
linkages between curriculum fragments.   
 
2.3 Comparing different approaches: preliminary conclusions 
and discussion 
 
There are clear differences between the projects in accents: sometimes the focus seems 
primarily on description of the contents, others go into great detail describing technical 
aspects or give detailed information on delivery (begin / end / teacher / teaching place). 
 
All recent and current projects aiming to describe educational offerings in a way that 
makes them comparable, stress competences, learning outcomes or learning objectives as 
important to the description and comparison of courses (and/or programmes). The LOM 
metadata don’t have an element for this, although the classification element might be 
used for the purpose.  
 
Closer analysis will result in a selection of a minimum set of metadata needed for a 
learning path specification. An important consideration in this respect is that adding 
metadata is often considered a burden and should be kept to a minimum. Still metadata 
are considered to offer considerable advantages compared to free text search, for instance 
because the use of metadata can provide highly targeted, rapid search.   
 
The initiatives described in this section mainly involve formal learning offered in higher 
education programmes. The issue of describing informal learning paths in a way that they 
become comparable and exchangeable constitutes an additional challenge. In the next 
chapter we address this challenge by providing a model for competence development 
programs that allows for describing properties and relations that are relevant in less 
educational settings. Further, we see the need for additional modelling of the underlying 
competences that are offered by these programs, in order to match the needs of lifelong 
learners – which are mainly expressed in terms of wanting to acquire a competence rather 
than wanting to follow a particular program – with the available material. An additional 
issue addressed in our modelling efforts is the application of learner modelling and 
personalization techniques, which is needed to target the heterogeneous needs of lifelong 
learners. 
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3 Background Research on Learning Path Descriptions 
What is a learning path description, and why would we need such a thing? These are 
obvious questions that might come to mind after having read the title. The same questions 
came to our mind when reading the various specifications and standardization efforts that 
are out there in the field of e-learning. Certainly, a motivation for seeking standardization 
in e-learning is reduction of costs for initial investment and maintenance, transfer of 
learning material, inter-operation between various systems, content discovery and 
aggregation (Paramythis, 2004). On the other hand, standardization may impede progress 
in a field that may not be young in age, but that certainly has not reached maturity yet. 
 
There seems to be a dichotomy between commercial, standards-compliant e-learning 
systems and adaptive learning environments, which typically do not follow any 
standards; this dichotomy is in part due to the lack of sufficient support for adaptive 
behavior in existing standards. It may not be obvious that adaptive behavior is needed or 
even desirable for e-learning, until one realizes that learning becomes more and more an 
individualized experience, targeted at learners with specific needs, who learn in a 
particular context with individual goals - most notably in the context of lifelong learning 
that goes beyond the traditional schools and other educational institutes. As e-learning 
only becomes cost-efficient once a minimum critical mass is reached, electronic 
educational is typically targeted at a larger scale. Adaptivity is typically used for 
(Brusilovsky, 2003): 
• helping the learner to find the relevant educational material 
• helping the learner to organize the learning activities 
• helping the learner to find solutions on learning problems 
• helping the learner to reflect on learning activities 
 
In this chapter we discuss several approaches to modeling e-learning curricula, learners, 
and the way learners make use of these curricula. The focus is not as such on how users 
interact with individual learning objects (e.g. how the content is presented to the learner 
and which tests occur at what point) as well as on how learners can be provided with the 
learning objects that they need, or with tools that allow them to find these learning units. 
As will become clear in the remainder of this chapter, personalization is a highly 
important concept in the field of e-learning, in order to make ‘material produced for the 
masses' suitable for learners with highly different backgrounds. Another important 
consideration is the focus on lifelong learning, which goes beyond dedicated learning in 
educational institutions. As a consequence, we rather speak competence development 
programs rather than curricula, to emphasize the learner's interest to develop or improve 
competences rather than to ‘merely' learn about some topic. 
 
The remainder of this chapter is structured as follows. In the next section we briefly 
discuss the concept of lifelong learning and its implications for competence development 
programs. We continue with an overview of adaptive e-learning approaches, and sketch 
various approaches to adaptation. In section four we discuss related work on e-learning 
specifications and standards, and their relevance for learner-centered learning path 
descriptions. In section five a modeling approach for learning path descriptions is 
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presented that breaks down the relevant elements into several models; several 
considerations and requirements for these models are discussed as well. 
 
3.1 Lifelong learning 
 
In the context of business, learning is the process by which people acquire new skills or 
knowledge for the purpose of enhancing their performance (Rosenberg, 2001). It has 
been recognized that a one-time learning experience at school or university is not 
sufficient; in order to cope with the rapidly changing requirements of our knowledge-
based society, people need to continuously update their current knowledge to remain 
competent for their current job. In addition, people are expected to change jobs more 
often - in order to broaden their experience and to show that they `are still flexible 
enough' to cope with changing contexts. For these, and several other, reasons, the area of 
lifelong learning has become a major focal point for research and development (European 
Commission, 2001). 
 
Several issues to be tackled in our move toward lifelong learning have been identified: 
• Less focus on training, but more focus on the demonstrated positive impact on 
worker performance 
• Learning does not just take place in the classroom, but anytime anywhere 
• Due to the shortened lifetime of knowledge, online resources rather than paper 
resources are in order - which can be kept up-to-date more easily 
• Development time of courses is necessarily short; the time spent learning needs to 
be shortened (or broken into pieces) as well 
 
Lifelong learning goes beyond the classical idea of one teacher who instructs several 
pupils. First of all, learning encompasses far more than just instruction. Several other 
training methods can be thought of, including simulation. Further, in many cases one has 
more benefit from knowing how to find the instructions (as a result of information) than 
actually knowing how to do things (as a result of training). In fact, lifelong learning can 
be seen as a combination of ‘classical' training and knowledge management. In addition, 
the roles of learner and teacher are blending: someone who needs to acquire knowledge 
or skills in one area might be able to provide training or information in another area; 
several learners working in the same area might be able to help one another out. 
 
The use of ICT was initially seen as merely a new way of delivering training. Nowadays 
it is clear that ICT has changed the model from a supply-focused process to an 
increasingly demand-steered process, in which learners set their own goals, and choose 
their own methods and processes (Janssens, 2002). 
 
3.1.1 Implications for CDPs 
Most standard curricula are designed in a rather static manner, serving a particular type of 
learners with a predefined goal. Some `personalization' can be achieved by granting 
exemptions for certain parts of the curriculum, or by having a part of the curriculum to be 
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filled in with a selection of optional courses. However, this approach is insufficient for 
creating targeted, relatively short, ‘just in time' programs for learners with various 
backgrounds and various specific learning needs. A more flexible approach would be to 
create a learning program ‘on the fly' by assembling a collection of learning units that 
together constitute a coherent program. It might well be the case that several alternative 
collections of learning units may be used for achieving the same goal. 
 
A ‘new' learner scenario would not just start by a learner selecting a predefined 
curriculum. Rather, a learner (possibly in combination with a teacher, or a teacher on 
behalf of the learner) assembles a learning program from available learning units. An 
important observation is that the driving factor is not as much the desire to ‘learn 
something' as well as the desire to improve knowledge or performance. This might 
appear obvious, but it is essentially a completely different way of thinking: units of 
learning are not considered self-contained, but as building blocks that contribute to some 
advancement in one or more fields; the focus is on the underlying goal of learning. An 
initial stage of carefully composing the learning program (manually, or - partially - aided 
by automatic tools) helps in clarifying and better understanding the underlying goal; it 
provides the `context of learning' that can be used as a reference throughout the learning 
process. 
 
The grown importance of information rather than training leads to a greater need for 
‘conserving' the learning experience. Many training-based programs do not allow for 
information to be revisited very easily; often, a learner needs to skim through the whole 
program to find the desired target. Ideally, the information transferred in the program 
should be restructured in such a manner that it can be relocated quite easily - by making 
use of search, navigation or index tools. 
 
3.1.2 Adaptive Learning 
 
Paramythis and Loidl-Reisinger (2004) consider a learning system adaptive ‘if it is 
capable of: monitoring the activities of its users; interpreting these on the basis of 
domain-specific models; inferring user requirements and preferences out of the 
interpreted activities; appropriately representing these in associated models; and acting 
upon the available knowledge on its users and the subject matter at hand, to dynamically 
facilitate the learning process'. 
 
Paramythis and Loidl-Reisinger (2004) categorize four types of adaptation: 
• Adaptive Interaction: intended to facilitate the user's interaction with the system, 
without modifying the learning content itself. 
• Adaptive Course Delivery: tailoring of a course in order to optimize the `fit' 
between a learner and a course. 
• Content Discovery and Assembly 
• Adaptive Collaboration Support 
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Brusilovsky and Peylo (2003) further mention the following intelligent (adaptive) 
techniques: 
• Curriculum Sequencing 
• Intelligent Solution Analysis: automatic analysis of results and feedback on 
students’ errors, such as misconceptions and missing items 
• Interactive Problem Solving: the provision of intelligent help on each step in the 
problem solving process. 
• Adaptive Information Filtering: the application of classic information retrieval 
methods to elearning systems, in order to filter, order and recommend the most 
relevant documents 
• Intelligent Class Monitoring 
 
For a more in-depth overview and example systems we refer to the literature mentioned 
above. 
 
Authoring `regular' educational hypermedia involves several steps (Brusilovsky, 2003): 
designing and structuring the hyperspace of educational material; creating page content, 
and defining links between pages. For a learner-centered approach, the educational 
material needs to be structured in such a manner that it can be adapted to the individual 
learner needs. In the literature, it is generally agreed that the following activities are 
needed to ensure this: 
• Design and structure the knowledge space 
• Design a generic user model 
• Design a set of learning goals 
• Create some description of each knowledge element 
• Define links between knowledge elements 
• Define links between knowledge elements and pages with educational material 
 
3.1.3 Course Sequencing in Web-Based Education 
 
According to (Brusilovsky and Vassileva, 2003), three approaches in course sequencing 
can be found. The first approach is consistency checking of manually generated curricula. 
As an example, a system could check whether a next step, as envisaged by an author, is 
appropriate - does the learner have sufficient background knowledge to complete a test. 
The second approach aims at the reuse of course material by adaptively generating a 
course for a group of learners. The third approach is dynamic courseware generation. In 
contrast with the second approach, each student is provided with a dynamically generated 
course, adapted to the student's specific learning goals, background knowledge and 
progress. Whereas the latter approach might seem the most appropriate at first, it might 
make sense to focus on group adaptation: since all students will be following the same 
course, the shared context will allow them to communicate and learn from each other. 
 
In the next section we describe related work on e-learning standards and course 
management systems. Unfortunately, current course management systems provide little 
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to no functionality for dynamic sequencing, as the course model behind the systems is a 
static sequence. However, once a course is dynamically generated, a standard CMS could 
be used for serving the course. 
3.1.4 Learner Modeling 
Modeling individual learners is a distinctive feature of intelligent computer-based 
educational systems. User models are requisite resources for building adaptive computer 
systems in a wide range of research projects from tailoring information presentation and 
providing adaptive user interfaces to generating personalized help and maintaining co-
operative dialogues. Learner models are crucial for building adaptive educational systems 
that "care" about their learners. These systems are able to follow the needs of individual 
learners providing appropriate feedback or adjusting the educational material to address 
specific pedagogical issues. Recently, learner modeling is being extended to group 
modeling which supports collaborative problem solving and facilitates group discussions. 
There is a noticeable difference between the content of user and learner models. While 
user modeling aims primarily at building user profiles and models of users' goals, plans, 
background knowledge and beliefs (Brusilovsky, 2001), learner modeling aims at 
constructing cognitive models of learners' domain knowledge and can also include some 
meta-cognitive aspects. Said in a different way, user modeling registers certain 
characteristics of the users by perceiving their performance and activities, whereas 
learner modeling goes further and builds explanations of the learners' behavior by not 
only observing their actions but also engaging them in various learning situations. A 
distinctive characteristic of learner modeling is its intrinsic connection with educational, 
psychological, social and cognitive science research. In educational situations, interacting 
with the environment a learner is facing compound problems. Modeling his cognitive 
state entails various sources such as the context of the learning environment, learner's 
existing cognitive structures, the nature of the task, etc. As a result, diverse models have 
been explored such as overlay, bug catalogue, constraint-based models, machine learning 
based models, probabilistic and fuzzy statistical models (Prolearn, 2005).  
 
Knowledge on the learner may be represented in many different formats. Which format to 
use highly depends on the goals that the model serves and the size and complexity of the 
model. The most basic model is a simple collection of variables and associated values. 
These variables can represent a variety of independent learner characteristics, such as the 
user's demographics, the liking of certain interface elements and knowledge on certain 
topics. Due to the flatness of the model, it is hard to make more complex deductions. 
 
A hierarchical representation allows some aspects of the learner model to be regarded as 
higher level and more general than others. In contrast to the flat model, hierarchical 
structures represent user characteristics and relations between these user characteristics. 
A common hierarchical structure is a tree or a directed acyclic graph. The hierarchies are 
typically hand-crafted based on the domain knowledge of the designer. 
 
A popular modeling paradigm that often makes use of hierarchical structures is 
stereotyping. As explained by (Rich, 1979), people often make assumptions of other 
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people, often based on fairly simple observations. Stereotyping is particularly useful 
when a solid amount of statistical data of user groups is available.  
 
A related hierarchical model is based on the domain structure. The learner model can be 
regarded as an overlay of the domain structure. For each item in the domain overlay 
model certain attributes can be set representing the user's knowledge of, interest in or any 
other relation between the user and the item (De Bra, 2002). In the most simple case, the 
items directly refer to corresponding hypertext nodes. Alternatively, the items refer to 
more abstract concepts that may relate to more than one hypertext node. A system that 
makes sophisticated use of a concept hierarchy is the AHA! system, developed by (De 
Bra, 2002). For each concept the learner knowledge is stored. Knowledge on certain 
concepts may propagate to knowledge on other, more generalized concepts. For certain 
concepts prerequisite knowledge on other concepts is required. Knowledge propagation 
and prerequisite knowledge relations are depicted in two different graphs. Behind the 
screens the node attributes and relations are coded as rules. 
 
A more sophisticated yet more complicated approach is the use of logic-based 
representation and reasoning. A comprehensive overview is given in (Pohl, 1999). Rules 
as described above can well be represented in first order predicate logic (FOPC). In 
addition, in FOPC it is possible to state generalized rules and attributes that always hold 
for all concepts in a certain category or hold for at least one concept. Further, special 
predicates and modal logic operators can be used for expressing the difference between 
observations and inferred assumptions and uncertainty of inferences. Dedicated logic 
programming languages such as Prolog can be used for reasoning.  
 
Learner models may contain both concrete observations or data and inferred knowledge, 
which are generally called assumptions. Whereas the former category contains 
information that may be held as 'true', the information contained by assumptions is 
uncertain. This uncertainty may be inherent to the reasoning process, but it may also well 
be that the design and underlying choices of reasoning mechanisms are questionable. In 
general, any choice of learner characteristics to take into account and any reasoning 
introduces uncertainty in the learner model that needs to be evaluated (Herder, 2006). 
3.2 An Example Scenario 
As part of a pilot in the field of digital cinema (see section 5.2), we have defined a 
competence development program (CDP) entitled `virtual sets curriculum'. This CDP is 
designed to develop competences related to the virtual sets production process, including 
pre and post production. It is directed at the television and cinema industry professionals, 
principally television and cinema professionals, visual effects students and practitioners, 
stage designers.  
 
The aim is for the learners to acquire competences in creating a virtual set, assisting the 
director in shooting tasks by providing him with real-time pre-visualization of the virtual 
set, and setting up, and rendering the virtual set for the final composition. The learning 
path associated with the virtual sets curriculum is composed of five competence 
development programs: blue screen shooting, framing and camera movement, 3D 
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techniques for modeling, editing, and rendering animations, cinema composition, and 
brainstorm eStudio usage. The learning path's composition in terms of precedence 
relationships among the CDPs is subject to preconditions such as the facts that framing 
and camera movement is a prerequisite of blue screen shooting.  
 
In order to enroll in the virtual sets curriculum, learners must possess a minimal set of 
related competences required to ensure that they understand the curriculum and carry out 
the learning activities in the digital environment. In addition, as all learners have 
experience in the television and cinema industry, several parts of the program may 
address competences that they already have acquired. Moreover, each learner may have a 
specific learning goal, based on the envisaged function in the virtual sets to be fulfilled. 
 
Each offered program targets various competences, which may reoccur in a different 
program. The challenge is to provide the learner with insight in which parts of the 
program are relevant and not yet known, which competences to put emphasis on, and 
finally how to create and plan an individualized program, based on the building blocks 
selected. These choices may be based on the (prerequisite) relations between courses, 
relations between the underlying competences, the learner's background knowledge and 
learning goals, and experiences of peer learners who already successfully followed the 
program. 
3.3 Breakdown in Several Models 
 
Separation of concerns is of uttermost importance for reasoning within learner-adaptive 
educational environments. Following (Paramythis and Loild-Reisinger, 2004) we 
separate the following models in adaptive learning environments: 
• The Competence Development Program (CDP)  Model: in most adaptive learning 
environments, the focus is on adaptive course delivery; the application model is 
typically a representation of the learning objects being offered. The most 
important aspect of the CDP model is that they are usually based on the 
identification of relationships between course elements. Several alternative 
indexing and structuring methods may be applied. 
• The Domain Model: in more general learning activities, additional information 
from the domain might be needed, such as workflows, participants, roles, and 
competences. Following (Brusilovsky and Peylo, 2003), elements from the real-
world domain can be mapped on the CDP model. Several kinds of mappings and 
indexing mechanisms can be thought of. 
• The Learner Model: a specialized user model, which contains information on the 
learner and the learner's interactions with the system. The majority of adaptive 
learning environments includes an overlay of user knowledge, in which for every 
element in the domain model an estimation of the user knowledge is given; 
alternatively, an overlay of the curriculum model is used, which represents user 
knowledge on the various course elements. ePortfolios (IMS ePortfolio) represent 
a more general learner model, which includes learning activities, assessment 
results and personal development data. 
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• The Group Model: analogous to learner models, group models represent 
characteristics of a group of learners; these models are typically assembled 
dynamically; group identification may be done manually (e.g. stereotyping) or 
automatically (e.g. clustering). Group models play an important role in 
collaborative filtering and recommender systems, which bear great promise in the 
context of e-learning. Also, group models are used for ensuring sufficient 
cohesion between members of a group of learners. 
• The Adaptation Model: incorporates the adaptivity logic in the system; what can 
be adapted, how can it be adapted and based on which inferences. From the field 
of adaptive hypermedia several inference techniques and adaptation mechanisms 
are known, and used in e-learning environments. 
 
In the next sections we take a closer look at each model independently and, where 
appropriate, indicate how these models are related to one another. 
3.4 The CDP Model 
 
The CDP model represents the available units of learning, and their interrelationships. 
The model does not represent the learning activities planned for an individual learner, but 
rather the learning objects on offering, and tentative combinations. Note that a CDP 
model does not necessarily coincide with the domain model, as one learning unit may 
cover several competences and one competence may be covered by several units of 
learning. We will come back to that later in the next section.  
 
3.4.1 Learning Units 
 
The building blocks of the curriculum model consist of learning objects, elements that 
contain a whole, meaningful learning activity. In principle, we consider a learning object 
as a black box. However, following the IMS Sequencing and Navigation specification 
(Dodds and Throp, 2004) we allow a learning object to contain sub activities, which are 
learning objects themselves. This implies that a learning object can represent various 
granularities. At the lowest level, a learning object may represent a pre-test or a piece of 
content to be read. These items may be combined in a higher level learning object, which 
represents a learning session. Several learning sessions may be combined into a course; 
several courses may be combined into a module, and several modules may build up a 
curriculum. In order to allow instructors the freedom to build their learning material in 
the structures that they consider meaningful, we do not put any constraints on this type of 
recursive combinations. This is motivated by the observation that the CDM specification, 
which separated between programs and courses, did not provide the flexible approach 
that was needed (Stubbs, 2006).  
 
(Collis and Strijker, 2004) contribute the lack of success in reusing electronic learning 
resources to differences in language, culture, curriculum, computer-use practices, and 
pedagogical approaches of the potential learners and their instructors. Making this fit has 
proven to be very difficult. For this reason, it is important that several types of learning 
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units are distinguished based on their purpose. A promising division is given by 
(Rosenberg, 2001), who observed that e-learning involves far more than training or 
instruction. Knowledge management and performance support are just as important 
strategies for enhancing people's knowledge or skills or supporting them in their 
activities. Rosenberg separated the following types of learning units: 
• Training activities require explicit allocation of time, and the learning is typically 
planned beforehand; the main goal is the transfer of skills and knowledge. Typical 
training activities involve: university courses, class instruction, online courses, 
simulations, practical assignments. 
• Knowledge management requires less interruption, and the learner typically 
determines when to visit the available resources; the main goal is just-in-time 
acquisition of needed knowledge. Common resources are Web sites, multimedia, 
Wikis, books, peer workers and help systems. 
• Direct guidance is typically integrated into work tasks, and the task at hand 
determines the learning progress; the main goal is direct assistance in 
performance on the task at hand. Example guidance techniques include check 
lists, reference manuals, wizards and various other kinds of intrinsic support, such 
as pop-up explanations. 
 
On a lower level, learning objects can be categorized according to their purpose (e.g. 
introduction, question, example, test), difficulty (e.g. low, medium, high), and media 
(text, graphic, animation, sound) (Brusilovsky, 2003). A useful list of metadata to be 
added to the learning objects is specified by the Learning Object Metadata Specification 
(IEEE LOM, 2002): 
• Meta-metadata: an overview on which metadata might be available for each 
learning object. 
• General metadata that describe some core features of the learning unit: identifier, 
catalog, entry, title, language, description, keyword, coverage, structure, 
aggregation level 
• Lifecycle metadata that describe how stable and up-to-date the learning unit is, 
and allow for version management: version, status (draft, final, revised, n/a), 
contributing entities, role (author, publisher, editor, any contributor), entities 
contributing to the unit of learning, date 
• Technical metadata that specify how the learning object can be executed. This 
includes its file format, the size, the location where the material can be retrieved, 
system requirements, other technical requirements, installation remarks. 
• Educational metadata that allow for balancing the educational activities in any 
combination: interactivity type, learning resource type (exercise, simulation, 
questionnaire, diagram, graph, narrative, exam, etc.), interactivity level, semantic 
density, intended end user role (learner/teacher/author/manager), context (school, 
higher ed, training, other), age range, difficulty, typical learning time, description, 
language 
• Rights: cost, copyright, description 
• Relation with other learning units: the kind of relation (part of, version of, format 
of, references, based on, basis for, is required by), resource, identifier, catalog, 
entry, description 
 Milestone 7.1 
 
TENCompetence – IST-2005-027087  
 
31 
• Annotation provided by instructors or any other stakeholder. For each annotation 
the following is to be stored: entity that created the annotation, date, description 
• Classification of the learning unit with respect to the educational purpose: 
purpose (discipline, idea, prerequisite, objective, accessibility, restrictions, 
educational level, skill level, competency. 
 
Learning objects that are specified following the LOM Specification are generally called 
learning units, and are typically training activities. 
 
Different learning approaches target different learner needs; as each approach has its 
disadvantages as well - for example, online learning is known to be rather unstimulating. 
In order to combine the best of all worlds, blended learning (Collis et al., 2005) 
approaches have gained in popularity. Blends may be rather simple, or rather complicated 
- for example, when one sort of blend is nested within another - for example, formal 
learning elements in an informal learning program. Appropriate blended learning 
programs allow for learner engagement, activation of existing knowledge, application of 
new knowledge and integration in the `learner's world'. However, it costs time, thought 
and creativity to develop such a blended approach. 
 
3.4.2 Relations between Learning Objects 
 
Thus far we have only talked about the learning objects as elements on their own, and 
only hinted that they will be combined into higher level learning units. Several 
approaches are used in the context of formal curricula. (Tattersall et al., 2006) listed the 
following requirements for curriculum modeling, based on an extensive review of 
existing literature. These requirements do not refer to the units of learning themselves, 
but rather to the way they may be used for building a curriculum. 
• Modular composition: curricula must be able to be constructed from units; 
• Nested composition: curricula must be able to be composed of other curricula; 
• Selection: it must be possible to specify which elements of a curriculum are 
mandatory and which are optional; 
• Sequencing: it must be possible to specify constraints on the order in which 
elements of a curriculum are to be completed; 
• Completion: the requirements for completion of a curriculum element, and of the 
curriculum itself, must be able to be specified; 
• Conditional composition: it must be possible to specify conditions under which 
curriculum elements are to be included or excluded. 
 
Two candidates for specifying the relations between the learning objects are considered: 
SCORM Sequencing and Navigation, and IMS Learning Design. 
 
The SCORM Sequencing and Navigation specification organizes learning activities in an 
Activity Tree, an hierarchically structured list of parents (clusters) and children - a course 
may have modules as children, and modules lessons as children. The Activity Tree 
represents the conceptual content structure that results from the content design, authoring 
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and aggregation processes. It is anticipated that the structure of an Activity Tree may be 
dynamically changed. Sequencing Control Choices regulate how learners can navigate 
through the modules - for example, whether it is allowed to move to the parent node or 
whether backward navigation is allowed. Constraints are used for specifying whether a 
learner is allowed to start with some learning activity. Control flows may be created that 
skip, disable or hide these elements, or change the exit strategy once another learning 
activity has ended. So-called Rollup Conditions are used for forwarding conditions 
(satisfied, completed, attempted, known) from a child to its parent (cluster) learning 
activities. Navigation options envisaged by SCORM are: start, resume, continue, 
previous, forward, backward, choice, exit, exit all, suspend all, abandon. 
 
The IMS Learning Design specification (IMS LD) allows specifying which roles should 
carry out which activities, using which supportive materials and services, in order to 
achieve certain learning objectives. In IMS LD a Unit of Learning describes an activity 
structure that can refer to either activities (learning and/or support activities) or other 
units of learning, thus allowing for both modular and nested compositions.  
Moreover activity structures can be defined as selections or sequences. A selection 
indicates that the units in the structure can be done in any order. Besides in a selection it 
is possible to specify the number of units to select, indicating that it suffices for a learner 
to choose and complete for instance three units (modules) out of the entire range of units 
presented, in order to fulfill the requirements of a free choice block within the 
curriculum. Defining an activity structure as a sequence on the other hand indicates that 
the units presented all have to be completed in the given order.  Combined selections and 
sequences are basic constructs to model choice and obligatory units and their order within 
program. In extension IMS LD has an expression language that can be used to define 
complex rules for completion (e.g. “if either document x has been approved of by the 
tutor or the learner has passed test y than the activity can be set to completed”) or to 
specify other conditions (e.g. “if learner x has background y than show supportive 
material z”).  
Since IMS LD is an open specification using the XML Schema formalism it also 
complies with more general requirements of formality and interoperability.   
 
The above structuring elements are typically to be used in formal curricula that consist of 
training units. As mentioned in the previous subsection, learning units may just as well be 
pieces of content in a knowledge management system, or wizards that provide help-on-
the-spot and instruct the learner while performing on the job. These kinds of learning 
activities are mainly motivated by the learner's current needs, which will most likely be 
rather spontaneous. Moreover, the learner's desire to move from one learning unit to 
another will be motivated by the current task or any other context-dependent association 
between learning units. These types of relations will be dealt with in the domain model. 
On the other hand, learners may want to explore other learning units offered by the same 
instructor or institution, as their interest has been raised. In particular the lifecycle 
metadata of the learning units can be used for providing the learner with overviews of 
these kinds of relations. 
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In sum, we have a repository of annotated learning units, with various kinds of associated 
structures. These structures may be explicitly edited by instructors or other stakeholders, 
conforming to the SCORM Sequencing and Navigation specification or IMS Learning 
Design. Other structures are motivated by semantic relations between the learning units 
and can be presented to the end-user in various different manners, such as menus, index 
pages and graphical overviews.  
 
3.4.3 Structuring the Learning Objects 
 
The repository as described above models the learning objects and their relations. 
Indexing of these relations can be done at several granularities of learning objects. 
Several indexing methods are popular in the field of adaptive educational systems 
(Brusilovsky, 2003): 
• concept-based indexing, which delivers a natural topical organization 
• page indexing, which defines links between items in the domain model and the 
course model 
• fragment indexing, which defines links between objects within items in the 
domain model and the course model 
• combinations of the three above 
 
 
In addition to indexing, structuring may be needed to provide the learner with 
understandable views on the learning units and their various relations - in particular if the 
indexing method is not concept-based.  
• hierarchical structuring is the most popular approach 
• rhetorical structuring, based on questions and answers, is used in several systems 
• learning-based structuring (course design) is used for formal learning 
• combinations of the structuring approaches exist as well 
 
3.5 The Domain Model 
 
Adaptive learning environments require an additional level of information about the 
entities that make up the learning path: the interrelationships between the entities. The 
primary goal is to have declarative definitions of relationships and concepts, which can 
be used for different types of personalization (Paramythis et al., 2004). Currently, 
defining these kinds of relationships can be achieved with the Learning Object Metadata 
standard, if a `vocabulary' is developed defining the relationships, each concept has an 
associated LOM-compliant metadata record, and the metadata specify the relationships 
with other entities. This approach has the benefit of compliance with current standards. 
 
Virtually all learner-adaptive curriculum sequencing engines rely on a structured domain 
model that is composed of a set of small domain knowledge elements (DKE). In each 
system DKEs are named differently - concepts, knowledge items, topics, knowledge 
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elements, learning objectives, learning outcomes, but in all cases they denote elementary 
fragments of domain knowledge (Brusilovsky and Peylo, 2003). Depending on the 
domain, the application area, and the choice of the designer, concepts can represent 
bigger or smaller pieces of domain knowledge. 
 
In the AHA! system (De Bra, 2002) the concepts of the domain model are directly linked 
to the adaptation model. In a fairly simple example the domain of Belgian beer and 
chocolate is modeled; the concept `beer' may have several subconcepts such as `De 
Koninck'. For each concept user attributes, such as the level of interest and the level of 
knowledge may be modeled. In this way course elements that comprise these concepts 
can be easily matched to the domain model. A main advantage of this simple approach is 
that authors are provided with a straightforward manner of integrating adaptivity into a 
course. However, this advantage comes with the cost of a rather inflexible mapping of 
domain concepts onto course elements. 
 
3.5.1 Competence-Based Domain Model 
 
A popular means for dividing a domain in chunks is the idea of competences - `the 
effective performance within a domain at different levels of proficiency (Cheetam and 
Chivers, 2005). As high-level competences in particular are highly personal, it is close to 
impossible to come up with a model that covers all relevant aspects (Ostyn, 2005). An 
important aspect of competences is that they are related: several competences may 
contribute to a higher level competence. Different communities of practice may map the 
components and/or facets of a competency in different ways. This is a reality that cannot 
be overcome (Ostyn, 2005). 
 
Following (Cheetam and Chivers, 2005) we assume that a competence description is 
automatically associated with a context; as an example, a description of the competence 
of piloting should include the aircrafts to which the competence refers to. For each 
acquired competence profile, a person has a proficiency level and a level of interest. In 
addition, a company may issue a required profile for a job; in this case, a proficiency 
level and a level of importance may be specified. More details on this approach can be 
found in (De Coi et al., 2007) 
 
In practice, acquired competence profiles need to be inferred from practical evidences; 
these evidences may be certificates such as University degrees, logs of successful 
activities, an assessment procedure, or a provided resume. This issue will be dealt with in 
the following section, the learner model. 
 
3.5.2 Tagging and Folksonomies 
 
Traditionally, metadata is created by professionals who have received serious education 
and training. High-quality metadata is costly in terms of time and effort to produce. A 
technique that has become quite popular recently, is unstructured link-tagging by users. 
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Web sites such as del.icou.us and Flickr are examples of popular `social bookmarking' 
systems. As a result of the users' tagging activities, an organic taxonomy - colloquially 
called a `folksonomy'- emerges. Obviously this user-driven approach has several 
disadvantages: tags may be ambiguous, multiple words cause problems, and synonyms 
may not be recognized. However, the technique is relatively labor-extensive and may 
eventually better reflect the users' actual vocabulary (Mathes, 2004). 
 
3.5.3 Mapping the Domain onto the CDP 
 
The CDP model and the domain model are closely related; the domain model represents 
the concepts and the CDP model represents the learning objects that deal with the 
concepts. Therefore, authors need to establish relations between the concepts of the two 
models. In the simplest case, as in the AHA! system, a single concept is mapped onto a 
single fragment of educational material - the curriculum model is a subset of the domain 
model. Single concept indexing is the most intuitive approach for authors. 
 
An alternative approach is multi-concept indexing, in which one learning object may deal 
with several domain concepts and vice versa. Multi-concept indexing is more powerful 
and flexible, but requires more skilled authoring teams. In addition, advanced tools for 
overview, visualization and consistency checking may be needed to ensure that all 
required concepts are sufficiently dealt with in a learning program. However, multi-
concept indexing is often required in complex domains such as mathematics, in which 
elementary constructs are often selected as domain model concepts (Brusilovsky, 2003). 
Which indexing mechanism is used often depends on the indexing approaches by the 
authors rather than differences between the applications or the systems (Brusilovsky and 
Vassileva, 2003).  
 
3.6 The Learner Model 
 
Like regular user models, a learner model may consist of explicitly given or inferred user 
data and a log of the learner's interaction with the system, the usage data. Parts of the 
model may be rather static, such as demographic data and long-term interests; other parts 
may be dynamic, such as a list of current learning activities. Traditionally, learner models 
are hand-crafted in a `mentalistic' manner; the model is supposed to represent the learner 
as completely as possible. In the user modeling community, this approach is gradually 
being replaced by statistical user models that draw inferences based on observations. 
 
Learner modeling in existing standards is addressed at a rather coarse-grained manner. 
Current standards are still rather traditional in the sense that they aim to provide an 
exhaustive list of all that may be of relevance to the learner. Virtually no attention has 
been paid to standardization of reasoning mechanisms or the modeling of relations 
between the various items (Paramythis et al., 2004). In this respect, learner modeling 
standards may be considered as rather primitive, flat lists. More variety in learner models 
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can be found in the field of adaptive educational systems; however, these models are 
typically focused on a specific kind of adaptivity. 
 
For sharable learner models it is important that they are application independent. This 
means that they should represent the learner rather than inferences on specific adaptations 
(e.g. the learner needs a personalized sorted list of courses). Theoretically, any aspect of 
the learner can be modeled; in practice, it makes more sense to restrict the learner model 
to merely the aspects that are relevant for providing or personalizing the learning 
activities. 
 
In this section we provide an overview of learner aspects that are typically considered by 
e-learning specifications and systems, and those that are used in adaptive (intelligent) 
tutoring systems. As will become clear from the discussion, we are yet far from a 
standardized learning path specification that covers all needs. Therefore, we will discuss 
several considerations, limitations and other relevant issues. 
 
3.6.1 Overlay of Domain and Curriculum Model 
 
As described earlier, an important part of the learner model can be considered an overlay 
of the domain or CDP model. Using this model the system can keep track of: 
• the knowledge level of the learner on various topics 
• the learner's interest in various topics 
• the learning activities that the learner has already performed 
• the learning activities that the learner is currently involved with 
• the planned learning activities 
 
These kinds of overlay models exhibit the relation between a learner and the domains or 
curricula that the learner is involved with. For this reason, these items should not be part 
of the domain or curriculum models themselves, but rather a separate model with 
references to the applicable parts of these models. This may easily be achieved by using a 
unique identifier for each learning activity or each competence involved. The AHA! 
system has an elegant approach for relating course prerequisites from the curriculum 
model to the learner's knowledge, as represented in the learner model. In the case of 
AHA! the curriculum model is similar to the domain model, but this does not necessarily 
need to be the case; a course may contribute to several items from the domain model, and 
an item in the domain model may be represented in several courses. Therefore, a 
fundamental issue for the overlay models is to which underlying model they should refer: 
the curriculum or the domain. It turns out that this depends on the type of relation and the 
modeling approach. 
 
The SCORM Sequencing and Navigation specification explicitly chooses the curriculum 
(or CDP) model as the underlying structure for the overlay model. It allows for 
specifying the activities that learners are involved with; for each curriculum item the 
status may be active, non-active; active items may be suspended. At most one (leaf) 
activity may be active and not suspended at any point of time. Completion of a cluster 
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may be specified by rules: all attempted, three out of n successful, and various other 
combinations. This approach facilitates reasoning that is suitable for formal learning 
activities in a carefully structured curriculum. 
 
In the context of lifelong learning the learning paths will be highly individualized, and 
the relations between the learning activities will be semantic - and based on the domain 
model - rather than by formal learning design.  
 
3.6.2 The ePortfolio 
 
An ePortfolio (IMS ePortfolio) is a popular type of learner model. An ePortfolio is 
defined as `a collection of authentic and diverse evidence, drawn from a larger archive, 
that represents what a person or organization has learned over time, on which the person 
or organization has reflected, designed for presentation to one or more audiences for a 
particular rhetorical purpose'. An ePortfolio is a loose collection of works created by the 
subject, activities in which the subject has participated, personal information, preferences, 
goals and plans, interests, results of any assessment, data on creation and ownership of 
the ePortfolio. 
 
The major types of ePortfolios are: 
• Presentation portfolios that are used to evidence learning or achievements in a 
persuasive way; say, a resume 
• Learning portfolios that are used to document, guide and advance learning over 
time 
• Personal development portfolios that are used for reflection upon own learning 
and performance 
• Multiple owner portfolios that represent multiple subjects 
• Working portfolios; multiple views on the above portfolios for a variety of 
purposes 
 
3.6.3 The Learning Path Description 
 
As indicated before, the learning path description is a (partially) organized set of learning 
activities to be carried out, being carried out, or carried out by the learner. The major 
element of the learning path description is an overlay of the CDP model, consisting of the 
selected learning activities by the learner. As the CDP model and the domain are tightly 
related, the learning path can also be expressed in terms of elements of the domain 
model. 
 
How the selection is done, is unimportant at the moment, but we assume that this is the 
result of an interaction of the learner with the system - we will come back to that later in 
this document. Possibly, the learning path contains many related and unrelated learning 
activities, such as the reading of a book, the following of a course and the attendance of a 
group seminar. 
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The learning path description is the part of the learner model that is most relevant for 
providing an (adapted) curriculum to the learner. What the description will exactly look 
like (i.e. which projection is to be used) is highly dependent on how it is being used. In 
this sense, the LPD needs to be highly flexible. Below some use-cases will be presented 
to indicate the usage of the learning path description. 
 
In a formal learning program, prerequisites for following a course may be set. These 
prerequisites may be matched by the learner model in terms of courses followed, courses 
planned (which need to be followed beforehand), competences that match sufficiently 
with the prerequisite courses (for example, several years of experience in user studies 
may map onto the prerequisite statistics courses). 
 
For curriculum scheduling that involves planned meetings with an instructor, the list of 
active and suspended courses may indicate whether a learner will be able to attend 
sufficient meetings. This list can also be used for calculating the actual study load of the 
learner. 
 
Once a learner has selected the learning activities to be followed, no actual order may be 
specified. Furthermore, some courses may overlap and some courses may require 
additional background information. A combination of the learner profile (planned 
courses, followed courses, domain knowledge) and the curriculum model (prerequisites, 
relations with other courses) can be used for scheduling the courses in the right order, for 
planning additional learning activities, and for indicating which courses might not be too 
relevant for the learner. 
 
The learner's progress through the curriculum - in terms of activities carried out, the 
number of times help is requested, time spent, can be used for monitoring the learner's 
ability to follow the program - and to suggest changes in planning, when needed. History 
logs of several learners can be used for evaluating a learning path, and for providing 
suggestions for learning paths to future learners. 
 
Once a learning path has been completed, the outcomes may be added to the learner's 
ePortfolio. Several representations can be thought of. The list may be presented to an 
assessor, who provides some accreditation - a certificate added to the portfolio. 
Alternatively, or in addition, the entire log is stored, with references to the course items 
and the corresponding domain items. This can be used for reasoning about the learner's 
competences and for interpreting the provided certificate. 
 
3.7 The Group Model 
 
For class- or group-based education, the use of individualized generation of learn 
material requires coordination of the planning mechanism on the group level. In order to 
ensure reasonable group cohesion - which is necessary for communication between 
students, and for manageability of the classes for the instructor - coordination of the 
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curriculum sequencing mechanisms at group level is necessary (Brusilovsky and 
Vassileva, 2003). 
 
Existing standards do not support the description of characteristics that are shared 
between group participants. As a result, it can only be indirectly modeled what semantic 
information would qualify a person as a member of a group (Paramythis et al., 2004). 
From the field of user modeling, three approaches can be distinguished (Conlan, 2002): 
• The Stereotype Model, one of the simplest ways of user modeling. A fixed set of 
categories has been predefined and learners are categorized into one of these 
categories. A common way of stereotyping is separating between novice, 
intermediate and expert users. 
• The Overlay Model, the mapping of groups of users on the domain model. 
• Clustering Techniques, which aim to find commonalities and differences in the 
learners' profiles and to express the distance as a vector; based on the distances 
between learners, groups are formed and learners are classified as members of one 
of these groups. A popular clustering technique is k-means clustering, which 
assumes beforehand the existence of k groups. 
 
Collaborative learning is noticed to become an important paradigm in e-learning. Using 
collaborative techniques, learners can be provided with links to helpful items that were 
requested by other learners, and suggestions for future learning steps (`learners who 
followed courses A and B, typically continue with course C'). These kinds of 
collaborative mechanisms can be used for providing suggestions for a next step, but also 
as an input for adaptive ordering or relevancy indicators.  
 
3.8 The Adaptation Model 
 
The models dealt with in the previous section would be superfluous if they did not serve a 
specific purpose: helping in creating and presenting a learning path for the learner, 
possibly adapted to the learner's specific context and needs. The curriculum, domain, 
learner and group model are mainly descriptive: they describe what is out there. 
Reasoning mechanisms, adaptation logic and adaptation mechanisms are the means for 
actually putting this knowledge into use. 
 
Existing adaptation logic approaches include simple rule-based engines, case-based 
reasoners, all the way to powerful logic-based reasoning engines. 
 
Adaptation actions constitute a well-researched and rather crystallized field. However, of 
the existing standards only IMS Learning Design supports dynamic system behavior. 
Despite several shortcomings (Paramythis et al., 2004), IMS LD may be a very 
appropriate vehicle for introducing adaptive capabilities in non-adaptive e-learning 
systems. 
 
Instead of attempting to standardize the adaptation logic, a more realistic goal might be 
the standardization of adaptation actions. This would enable the employment of widely 
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differing approaches to `logic', while unifying the representation of modifications that 
can be supported. 
 
3.8.1 What Can Be Adapted 
 
Major intelligent tutoring techniques are: curriculum sequencing, intelligent solution 
analysis, and problem solving support. The goal of curriculum sequencing technology is 
to provide students with an individual sequence of learning material to follow.; 
curriculum sequencing is important due to its ability to guide students through the 
available information. Several systems (AIWBES, ELM-ART and KBS-Hyperbook) 
have implemented this feature, mainly in the form of link recommendation or suggested 
learning paths. Intelligent solution analysis provides students with an analysis and 
feedback on their solutions. Interactive problem solving support provides intelligent help 
on each step of the problem solving process (Brusilovsky, 2003). 
 
Major adaptive hypermedia techniques are: adaptive presentation and adaptive navigation 
support (Brusilovsky, 2003). The latter is to assist learners in hyperspace orientation and 
navigation by changing the appearance of navigation options. Adaptive sorting, 
annotation, hiding and graphical overviews are typical adaptive navigation techniques. 
Adaptive information filtering is not often used in educational systems, as its benefits 
mainly emerge in larger hyperspaces. Intelligent collaborative learning involves the use 
of artificial intelligence techniques to support collaborative learning. Three major 
technologies can be distinguished: adaptive group formation and peer help, adaptive 
collaboration support, and virtual students. 
 
It is important to note that all the techniques described above merely describe what can 
be adapted. However, no assumptions are being made how the curriculum should be 
presented to the learner. This is due to the fact that there are no standards for screen size 
or content, or for the technology used to provide the learning material (McGill, 2004). On 
the other hand, virtually all researchers in e-learning assume that the Web is the most 
suitable platform for e-learning, as the server-client based approach allows for regular 
updating, maintenance and flexible distribution of course material. 
 
3.8.2 To What Can It Be Adapted, and How 
 
In the previous sections it was already described to which aspects the curriculum can be 
adapted. However, it is far from crystallized how the adaptation mechanisms should 
work. From the earlier sections it may have become clear that the structure of the models 
- the fields and the relations - are manually crafted, and therefore allow for logic-based 
reasoning mechanisms. A comprehensive overview of these mechanisms is given in 
(Pohl, 1999). Rules as described above can well be represented in first order predicate 
logic (FOPC). In addition, in FOPC it is possible to state generalized rules and attributes 
that always hold for all concepts in a certain category or hold for at least one concept. 
Further, special predicates and modal logic operators can be used for expressing the 
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difference between observations and inferred assumptions and uncertainty of inferences. 
Dedicated logic programming languages such as Prolog can be used for reasoning. 
Forward reasoning is used for acquiring primary and secondary assumptions from 
observed data - like the user's possible membership of a certain stereotype, the user's 
knowledge on or interest in certain topics or other higher level user characteristics. 
Analogously, backward reasoning can be used for querying for implicit knowledge 
contained in the model. Although backward reasoning combined with limited forward 
reasoning is reported to be more goal-directed and therefore more efficient in number of 
inferences, most systems mainly rely on forward reasoning. This may be because forward 
reasoning has one important advantage: computation can be done off-line, which 
provides a far better response time for adaptive systems than having to wait for query 
results. 
 
Typical reasoning mechanisms used by educational systems rely on simple if-then 
clauses rather than extensive inference mechanisms. As an example, the SCORM 
Sequencing and Navigation allows navigation choices to be subject to a number of 
conditions (Dodds and Throp, 2004). Unfortunately, no clear guidelines can be given on 
which rules are to be used in certain context, as this is rather domain-dependent. 
 
3.8.3 Positioning - Finding the Relevant Learning Material 
 
At present, unless learners know what they are looking for and where to look, they can 
easily become confused or annoyed. First, it is hard to get an overview of all the available 
material, as no standard overview tools are available and no one-stop shops for e-learning 
exist. These would make the search for suitable material much easier (Page, 2006). For 
this reason, we aim to develop a positioning service, which can be loosely defined as `a 
set of reasoning mechanisms, algorithms and interfaces to be used for selecting the 
relevant learning units based on the learner's profile'. At the moment, we mainly 
concentrate on LSA-based algorithms that match unstructured text of a learner profile 
with the contents of a learning unit. As a first step, the adaptation envisaged is locating 
exemptions, parts of a predefined curriculum that can safely be skipped. Due to the rough 
granularity of the technique, it may be expected that the technique won't be applicable for 
automatic curriculum creation `out of the blue'. However, LSA might be applicable for 
providing relevancy indicators in an interactive interface to be used by the learner - 
possibly in cooperation with a tutor - for assembling a personalized learning path. 
 
What such an interface should look like, is an open question. From earlier work (for 
example (De Bra, 2002)) it becomes clear that a single graph-based visualization 
approach may not be sufficient for larger collections - as the large number of options may 
confuse the learner. For this reason, we aim to provide various graph-based views on the 
models and their instantiations, with various color-codings to mark the most relevant 
aspects. A tool for these kind of visualizations is described in section 6.2.  
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3.9 Tools for Assembling CDPs 
 
3.9.1 Editors 
 
Apart from markup-based and form-based editors for developing learning units or any 
other type of content, there is the need for concept-map editors, which allow the design of 
knowledge spaces and the associated educational hypermedia structures (Brusilovsky, 
2003). These kinds of editors are known in the field of concept mapping and business 
presentation design. 
 
A major obstacle for dynamically generated CDPs is the initial knowledge representation. 
First, it costs a lot of time to produce sufficient material for customized courses. This 
may not be a worthwhile investment for a small number of students. Similarly, for a 
student population that is relatively homogeneous it might simply be too expensive to 
generate individualized courses, and to manage their cooperation despite the differences 
in their learning activities (Brusilovsky and Vassileva, 2003). 
 
3.9.2 What Information Is Readily Available 
 
The models as presented in this document assume a high amount of meta-information 
added to the courses provided. The question is whether it is realistic to assume that all 
this information is readily available. A recent survey on the availability of course-related 
information (Hardman, 2005), carried out in the context of XCRI, showed some very 
promising results. Institutions interviewed provided higher education or further education 
in the UK. All of the institutions provided in addition to course titles links to more 
information; in about half of the cases the additional information was standardized into 
the system. In most cases the linked location differed in some way from the initial point 
of contact; however, 59% of the institutions appeared to display entirely consistent course 
information. Differences were mainly in wording. The most prominent information 
provided on courses were: audience statements, admission information, program outline, 
contact information and financial details. To a lesser extent (about two-third of all 
investigated courses) information on teaching and assessment, rationale for the course, 
aims of the course, attendance options and the course structure were outlined. 
 
Whereas this sounds promising, information on any larger items - modules that consist of 
multiple courses - was mainly limited to the title. No assessment criteria, rationale, aims, 
outline, learning outcomes, or even a syllabus was available online.  
 
3.10 Concluding Remarks 
 
In this second we focused on the use of e-learning for lifelong learning activities. The 
Web is a major learning tool and many of the structures needed for delivering training 
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programs are already in place, but there is still a need for courses which are delivered in 
the traditional way (Page, 2006). The main issue with non-formal courses is that there is 
no authority which oversees quality. Private organizations often provide courses on the 
Internet which are not developed to any agreed standards. It is very important that quality 
in e-learning products is promoted. Equally important is standardization of accreditation 
of e-learning courses throughout the EU. 
 
For the design of an e-learning platform it is important to keep in mind that just providing 
an infrastructure is not enough for stimulating lifelong learners. The idea of lifelong 
learning, and the learning material needs to be `sold' to the population in such a way that 
they can clearly see the benefit to themselves personally (Page2006). This implies that 
portals, even for highly motivated learners, need to present material in an encouraging 
and stimulating manner. 
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4 Initial Specification of E-Learning Models 
 
In this chapter we consolidate the background research described in the previous chapter. 
More specifically, the models that were introduced – for Competence Development 
Programs, the underlying Domain Model, and the Learner Model – are modeled using the 
UML formalism. We have chosen UML largely because of its graphical expressiveness, 
which makes it easier to communicate, and its suitability for being translated into other 
formalisms. 
 
It should be noted that although we describe the models separately, in fact they are 
closely connected – they are the constituent parts of one large model. The connection 
between the models is formed by the elements that appear in more than one sub model, in 
particular the Unit of Learning that appears in all models. We decided to break down the 
model to enhance comprehensibility (it is well known that large UML diagrams place 
considerable cognitive load on the reader) and to separate concerns. 
 
4.1 The CDP Model 
 
The CDP repository consists of learning objects. Even though it is application-dependent 
which metadata needs to be available for each learning object, the Learning Object 
Metadata (LOM) description (IEEE LOM) provides a basis that appears to be quite 
general; it has been used in the SCORM Content Aggregation Model (CAM) as well. The 
categories are shortly below; for more details we refer to (Dodds and Throp, 2004) and 
the overview in the previous chapter.  
 
Scorm Sequencing and Navigation provides a powerful way of structuring learning units 
in well-defined curricula. However, it is likely that the training-oriented approach will not 
be sufficient in the context of lifelong learning, with its need for individualized programs. 
For this purpose, general relations between learning units can be used, varying from 
manually generated ones ('part of the Computer Science Master's Program of the 
University of Twente') to associative, semantic ones (written or instructed by the same 
person, given by the same institution, followed consecutively by several learners). 
 
In short, the CDP is a general object-relation model that allows for several kinds of 
relations. The attributes of the various objects may consist of the LOM metadata as listed 
above. Various kinds of relations can be inferred from the metadata (e.g. activities in the 
same language, activities for toddlers, provided by the same institution). As far as these 
metadata is available, these relations do not need to be specified manually. Some 
relations that should at least be supported, are: 
• prerequisite 
• follow-up activity 
• is part of 
• similar activity 
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Note that we refrain from overspecifying or exhaustively listing all possible relations. We 
feel that the model should be able to represent any kind of relation that is in some way 
meaningful to the author, instructor or learner. For instructional purposes, it should be 
specified whether the relations are unidirectional (can be followed only in one way) or 
bidirectional.  
 
The above objectives have resulted in a class diagram that is depicted in figure 3.1. The 
central part of the diagram is the Unit of Learning, with metadata according to the LOM 
standard. Each UoL is related to its author(s) and the institution that provides the UoL. A 
Unit of Learning may be atomic, or a composition of several units of learning. Various 
aggregation levels can be thought of, depending on the context. This is specified in the 
aggregation level attribute, a free-text attribute that specifies an aggregation label - for 
example: module, course, training weekend, crash course, Master's program. Based on 
feedback on the CDP model (Stubbs, 2006) we do not specify any order of aggregation or 
predefined categories. Following SCORM S&N, it can be specified whether an 
aggregation of UoLs can be navigated freely, and whether backward navigation is 
allowed. 
 
For relations between Units of Learning, it is specified whether they are bidirectional or 
not. At the moment, the relation may be `prerequisite', `follow-up activity' or `similar' - 
the minimal types of relations that we identified. Restricting the number of possible 
relations facilitates reasoning, but may be too restrictive. The booleans in the relation 
class may at a later point be replaced by a free-text description, if it turns out to be 
needed. 
 
In addition to the implicit structure provided by the attributes and relations, a specific 
structure - for example, a navigation hierarchy - may be defined for a collection of Units 
of Learning in the repository. Units of Learning may also be classified according to a 
taxonomy (for example: informal learning, non-formal learning, formal learning). 
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Figure 3.1: CDP Model 
 
4.2 The Domain Model 
 
In addition to the CDP model, learners need to be able to search for e-learning content in 
a goal-driven manner - based on the competences that they want to acquire for their work, 
or private life (`I want to be able to speak some basic Chinese during my long holidays'). 
This calls for a domain model that represents the relevant activities and associated 
competences rather than the available Units of Learning. In certain cases, the Units of 
Learning can be mapped one-to-one on associated competences; in general, it is most 
likely that some courses will address several competences, and that - in particular more 
general - competences are dealt with in several courses. As an example, basic Chinese 
conversational skills training may be provided by several institutions: weekly course at 
the Open University, self-teaching using electronic material, private courses. 
 
For competence development programs it may be insufficient to just specifying what 
activities are carried out on the work floor; one also needs to specify which competences 
are needed for these activities. In vocational learning, these competences may be 
relatively easy specified as a one-to-one mapping on the domain model; 'baking bread'. 
For more academic settings, more general competences that can map on several - or even 
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all - elements of the domain model are needed, for example, leadership or presentation 
capabilities. 
 
Given the CDP model, the domain model and its associated competence model, it is 
unclear on which of the latter two to map the learning units in the CDP model. We 
believe this highly depends on the context. The goals of University-level curricula will 
mainly be described in terms of competences; in vocational education a curriculum and 
its learning units will mainly be described in terms of the activities that a learner can 
perform afterward - actually, this can be modeled as a one-to-one mapping between a 
competence (being able to speak Chinese) and its associated activity (speaking Chinese). 
 
As a basis for our domain model, we take the TenCompetence model (Koper, 2006), with 
some slight changes to better represent our needs. Following our earlier approach and 
(Cheetam and Chivers, 2005), we define a competence as `effective performance within a 
domain/context at different levels of proficiency' - see figure 3.2. This allows us to model 
and represent competences such as basic Chinese conversational skills in the context of 
holidays'. Competences may be atomic, or aggregated from several other competences; it 
may well be that several alternative competences contribute to a competence: a good 
memory for words may serve just as well for basic Chinese conversational skills as a firm 
understanding of language models. 
 
Figure 3.2: Domain Model 
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There is not a thing as the domain model. Several modeling approaches have their 
advantages and disadvantages, and the exact structure of the model is not just a matter of 
taste, it also depends on the purposes it should serve. Based on several scenarios, we 
believe that the above representation provides a good starting point for reasoning about 
competences and the associated units of learning.  
 
 
4.3 The Learner Model 
 
Like regular user models, a learner model may consist of explicitly given or inferred user 
data and a log of the learner's interaction with the system, the usage data. Parts of the 
model may be rather static, such as demographic data and long-term interests; other parts 
may be dynamic, such as a list of current learning activities. 
 
As described earlier, an important part of the learner model can be considered an overlay 
of the domain or curriculum model. The SCORM Sequencing and Navigation 
specification explicitly chooses the curriculum model as the underlying structure for the 
overlay model. Following (De Bra, 2002), we believe that the (related) domain model 
should be considered as well. 
 
The central part of the learner model (figure 3.3) is the learner; at the moment it is not 
clear which attributes of the learner (for example, age or nationality) are needed for 
reasoning - therefore, we have kept the number of attributes for the learner quite limited. 
A learner may have certain preferences - as the preferences to take into account heavily 
depend on the application, we chose for a free-form preference class.  
 
A minimum number of relation types between learners and units of learning found in the 
literature are: `interest level', `knowledge level', `status' (e.g. not followed, selected, 
planned, being carried out, finished) and the grade obtained (if any). 
 
In addition to the overlay model, learners may have a learning history (list of followed 
courses, certificates, examples of own work), which are stored in an ePortfolio. What 
such an ePortfolio looks like - or should look like - is far from clear - see (IMS 
ePortfolio). For this reason we chose, again, for a freeform representation of profile 
elements. An important role of the profile elements is that they can function as an 
assertion that a learner has a certain competence. 
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Figure 3.3: Learner Model 
 
4.4 The Group Model 
 
For class- or group-based education, the use of individualized generation of learning 
material requires coordination of the planning mechanism on the group level. Existing 
standards do not support the description of characteristics that are shared between group 
participants. As a result, it can only be indirectly modeled what semantic information 
would qualify a person as a member of a group (Paramythis et al., 2004). From the field 
of user modeling, three approaches can be distinguished: stereotyping, clustering and the 
use of overlay models. 
 
In this phase of the project, we are mainly interested in individual learners, and group 
models are of later concern. For this moment, we leave the group model unspecified. 
 
4.5 The Adaptation Model 
 
What we call the `adaptation model' is in principle a set of rules that are used for 
providing the learner with (personalized) access to the learning resources. These rules 
make use of the attributes and relations described in the previous subsections. What these 
rules exactly look like, depends on the application context and the reasoning mechanisms 
used. Various possible approaches to reasoning on the learner model and adaptive 
elearning technologies are described in section 3.2. 
 
Typical reasoning mechanisms used by educational systems rely on simple if-then 
clauses rather than extensive inference mechanisms. As an example, the SCORM 
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Sequencing and Navigation allows navigation choices to be subject to a number of 
conditions (Dodds and Throp, 2004).. 
 
Major adaptive hypermedia techniques are: adaptive presentation and adaptive navigation 
support (Brusilovsky, 2003). The latter is to assist learners in hyperspace orientation and 
navigation by changing the appearance of navigation options. Adaptive sorting, 
annotation, hiding and graphical overviews are typical adaptive navigation techniques. 
Adaptive information filtering is not often used in educational systems, as its benefits 
mainly emerge in larger hyperspaces. We expect that it will be a relevant technique for 
larger CDP repositories. 
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5 Modeling of Real-World Domains 
In this chapter we explore the applicability of the approaches described in the previous 
chapters to selected fields of expertise. We chose two different domains for this 
evaluation step. First, we wanted to find out to what extent the bottom-up approach – 
making use of the existing IMS Learning Design standard – is fit for describing a formal 
University curriculum. Second, we applied the learning path description models to a 
competence development program in the context of the domain of digital cinema. The 
results of this evaluation are presented in this chapter, followed by some concluding 
remarks.  
5.1 IMS Learning Design for Psychology Course 
5.1.1 Starting Points 
This section provides input for identifying the suitability of using IMS LD to mimic the 
structure of the current Psychology curriculum of the OUNL. This curriculum is 
presented in the document with the running title Studiegids 2006-2007 Opleidingen 
Psychologie – see Appendix A.  
 
There is typically a lot of freedom for OUNL students (time, place, and pace). This is 
mostly the case on the level of separate courses. But, such freedom is also largely 
reflected in the structure of the curriculum that contains a lot of freedom to students when 
sequencing their courses. However, there is a growing tendency that courses have formal 
entry requirements as well as a growing tendency that students have less freedom in 
attributing specific courses within specific phases of their study. Typical consecutive 
phases are (bachelor, master) and hitherto (propedeuse, basis doctoraal, einddoctoraal).  
 
The current Psychology curriculum is competence based and identifies three major 
competences: (a) research competence, (b) diagnostic competence, (c) intervention 
competence.  
 
All courses are typified by using the Dublin descriptors ((a) knowledge and insight, (b) 
application, (c) formation of a judgement, (d) communication, (e) learning skills).  
 
Our modelling of the structure of the Psychology curriculum will be twofold: 
All (sub) phases and courses will be included. However, not for each course all entry 
requirements will be modelled as this is very time-consuming. Instead, typical entry 
requirements will be modelled. Typical means that such entry requirements will be valid 
for a whole collection of courses. We try to be as complete as possible with respect to 
‘typical entry requirements’.  
 
For the research-competence, we will model the structure of the Psychology curriculum 
that directly deals with the acquirement of this competence. 
For the time being, we will not use the Dublin descriptors (i.e., before 2007).  
Note: with respect to the research competence, there are some clues for complexity 
variables, we might take these into account from January 2007 onwards.   
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We will use Reload (http://www.reload.ac.uk/ldeditor.html) as a modelling tool. 
5.1.2 Phases, Courses and Entry Requirements 
On the most global level, a distinction is made between BAMA (Bachelor-Master) and so 
called ‘undivided WO’ (Scientific Education, ‘Wetenschappelijk Onderwijs’). Both 
include 56 modules (each module is 3 ECTS). 
 
Note:  
In general, it is possible to do so-called Master courses without having formally 
completed the Bachelor. However, for some Master courses there might be some entry 
requirements with could be equal to completion of all Bachelor courses.  
5.1.2.1 BAMA 
The Bachelor-Master consists of two main phases: Bachelor and Master. 
Bachelor consists of 42 modules: 5 modules in ‘free space’ (but not part of subsequent 
Master program) 
Master Psychology consists of 14 modules (it doesn’t contain ‘free space’).  
5.1.2.1.1 Bachelor 
It consists of the following subphases: 
• Propedeutic (14 modules) 
• Post-propedeutic (11 modules) 
• Major health psychology OR Major labour and organisation (8 modules) 
Bachelor-final assignment health psychology OR  labour and organisation (4 
modules) 
5.1.2.1.2 Master 
It consists of 2 subphases: 
− Main (4 modules) 
− MA-final assignment health psychology OR labour and organisation (10 modules) 
 
It has three variants: (1) health psychology, (2) labour and organisation, (3) psychological 
research. 
5.1.2.2 Undivided WO 
It consists of three main phases (propedeutic, basis doctoraal, einddoctoraal). 
5.1.2.2.1 Propedeutic 
The Propedeutic phase consists of 14 modules (no ‘free space’).  
5.1.2.2.2 Basis Doctoraal 
The Basis doctoraal phase consists of 19 modules (no ‘free space’). Of these 19 modules, 
10 modules are the same for the two possible variants (health psychology and labour and 
organisation) (subphase: common) whereas the remaining 9 modules are specific for the 
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variant (subphase: graduate variant). Only for the labour and organisation variant, these 9 
modules can be selected from 11 possible modules whereas the health psychology variant 
has not such a restrained choice.  
5.1.2.2.3 Einddoctoraal 
The Einddoctoraal phase consists of 23 modules (9 modules in the ‘free space’). 
5.1.3  Research-Competence 
When involved in doing research, a typical cycle is: 
a) research question and topic of research 
b) data gathering 
c) data analysis 
d) interpretation, discussion, and conclusion 
When transforming their curriculum towards a competence based curriculum, the 
Psychology department decided to design and develop new ‘integrated courses’ for (b) 
and (c) but to keep the subject-content related courses (for phases a and d). In phases (a, 
d) typical subject/content related courses are used that include case-material. In phase (b) 
typical methodological courses are used, whereas in phase (c) typical statistical courses 
are used. These integrated courses are mostly termed as practicals. In general, these 
practicals have a more stringent sequence as compared to other courses, although there is 
still freedom in the order to follow.  
5.1.3.1 Structuring Research Competence 
 
Course code Entry requirements 
S13111 - none-  
S04231* S13111 and S13331 
S22221* 13 modules finished from Propedeutic and S13111 and S04231* 
S05251* Propedeutic finished and S24211* 
S24211* S13111 
S13331 - none- 
S69312* >= 31 modules, Propedeutic finished, S24211* and S31211* 
S68312* S13111, S24211*, S04231*, S22221*, >= 31 modules within BAMA or >= 
35 modules in ‘undivided WO’ 
S54317* >= 35 modules and (in case of research internship) S68312* 
S71322* IF ‘undivided WO’ THEN >= 40 modules and S13111, S22221*, S04231*, 
S24211*, S68312* ELSE (if Master): finished Bsc and 3 finished master 
modules 
S57337* S71322* 
 Notes:  
* = entry requirements  
A course can be 1 or more modules. Each module stands for 3 ECTS credit 
points.  
Course code:  
S nn.l.v.lm=   S (psychology) nn (number), l (level, 1 2 or 3 (increasing), v 
(version number) m (number of modules) 
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5.1.4 Modeling BAMA With IMS Learning Design 
As a first step, we restrict the modelling of the Psychology curriculum to the BAMA 
phase.  
 
As we stated before, we used Reload as an authoring tool. We created a Unit of Learning 
called “BAMA” following this procedure (see Appendix C for a detail description): 
 
1. Create a learning activity (LA) for each course.  
2. Create an activity structure (AS) for each course that has a requirement. The names of 
the AS can be found in Appendix A. 
3. Create nested AS’s to build the curriculum phase or subphase. For example, in the 
case of the subphase Propedeutic, the AS “BA–Propedeutic” has been created. This 
AS includes different learning activities (i.e., courses), as well as the AS “S35311-
Intelligentie en sociale competentie”, which includes the course “S13111-
Onderzoekspracticum kwantitatieve data-analyse” and the “S35311-Intelligentie en 
sociale competentie” course itself. As S13111 is entry requirement of S35311, the AS 
is set as a sequence, therefore the prerequisite should be completed before the course 
S35311 starts. In this way nested AS help to build entry requirements.  
4. When a choice is needed (e.g., between Health psychology and Labour psychology), 
create an AS type= “selection” and set the attribute “number to select” according. For 
example, in the case of the Master phase, the AS “Master” has been created. It 
contains the three ASs that represent the majors of the master: “MA-Health 
psychology–Major”; MA-LabourOrganisation psychology–Major” and “MA- 
Psychological research”. This AS is set as a “selection” and the number to select 
attribute is set to 1, in this manner once a selection and performance of the major has 
been done, then the AS will be finished. 
5.1.5 Conclusions 
In this document we explained the current Psychology curriculum of the OUNL in order 
to describe a real competence development programme and test the suitability of IMS LD 
to model it. 
 
The analysis on paper of the Psychology curriculum shows that the description of 
competence development programmes should give a lot of freedom to structure it from 
different points of view (i.e., competence view, master view, propedeutic view, etc.), and 
give flexibility to reuse course description between different phases (i.e. modules, 
courses, etc.). Moreover, it has to take into account the differences between current and 
old programmes, where they have to exist at the same time for different students or 
change for one student when s/he “jump” from the old programme to the new one. 
 
Using IMS LD for modelling the Bachelors and Master Psychology programs was easy. 
Even these programmes give a lot of flexibility to the students, they have entry 
requirements and complex structures, Level A of the specification was enough to 
represent their structure. Setting up activity structures and their attributes (number to 
select and type) gives a lot of flexibility to model curricula. Also, activity structures and 
courses can be reused in different phases and sub phases. 
 Milestone 7.1 
 
TENCompetence – IST-2005-027087  
 
55 
 
The modeling of the BAMA curriculum using IMS LD shows that the other phases, 
subphases and entry requirements of the Psychology curriculum can be modelled as well.  
 
However, it is necessary to identify relevant metadata to describe characteristics of the 
curricula such as study load, credits, schedule, modules, and so on. At present, we are 
analyzing different European initiatives to exchange course information (see section 2). 
This work will provide us a clear picture of what is needed to enhance comparability and 
exchangeability of competence development programmes.  
5.2 Modelling the Digital Cinema Pilot 
This section describes the instantiation of the Learning Path Description models, as 
described in chapter 3, in the context of the TenCompetence Digital Cinema pilot. It tries 
to underline the different types of relations and choices among the course’s Units of 
Learning (UoL). 
5.2.1 The context of the pilot 
In the first phase of the digital cinema pilot it is planned to focus on one particular role: 
On Set Virtual Studio Technician. The pilot course aims to form professionals for both 
the television and cinema industry who are able to work with Virtual Sets throughout the 
production process including pre and post production. In the proceedings of the course, 
students will learn how to create a virtual set, assist the director in shooting by providing 
him with a real-time pre-visualization of the virtual set, and refine setup and render the 
virtual set for final composition with the shot. 
 
The pilots start with learners sending their application and profile to the digital training 
corporation. Consequently, they receive credentials to the Virtual Learning Environment 
for a three months access to a comprehensive course on Virtual Sets for Digital cinema 
and Television. The course targets technicians have basic knowledge of the tools that are 
necessary to produce a Virtual Set but do not know how to use them in a production 
environment. To follow the course, students register for both virtual and on-site classes. 
Forums and chat facilities are at disposal to get acquainted with classmates and compare 
progress. The students’ progress is evaluated by the teachers and the students update their 
ePortfolio according to their work. Once the course is completed, students will have 
acquired all the competences needed in order to work with virtual sets and will have a 
rich ePortfolio that could be appreciated by cinema and television enterprises looking for 
new employers. 
5.2.2 Overview of the pilot curriculum 
The curriculum is divided in three main phases (Figure 5.1). First, learners must follow 
compulsory modules in order to gain basic knowledge on virtual sets. Each module must 
be completed before proceeding to the following; therefore their relations are purely 
unidirectional. The activities within these modules are applied in a linear, forward only 
fashion. 
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Second, the learners can follow optional theory modules on cinema production and set 
design. The learner’s selection of units of learning within these modules is free and 
depends on his/her prior knowledge and experience. However, a mandatory introductory 
activity must be followed prior to step in the others module’s activity. For example, a 
learner must follow the Set Design’s activity on Digital Architecture rules prior to engage 
in the lightning theory activity. 
 
Finally, the core of the curriculum resides in a mandatory applied training in virtual set 
production. This module consists first of an optional set of activities on basic 3D 
knowledge (e.g. modeling, texturing, rendering). Learner can freely select these activities 
as well as the order (not mandatory, bidirectional). Second, a set of sequential applied 
activities called “Brainstorm Foundation” must be followed in a forward-only fashion. 
The order of the training consists in two scenarios (e.g. Weather Man Scenario and 
Elections Scenario) each covering different aspect of the virtual set production. 
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Figure 5.1: Object diagram based on the CDP model, which provides an overview of 
the digital cinema pilot curriculum 
 
5.2.3 Instantiation of a Basic Foundation module 
The units of learning belonging to the Basic foundation module have been designed in a 
sequential structure (Figure 5.2). First, the student will participate in the learning 
foundation module, consisting of an introduction to the learning environment. Then a 
forward only progression of activities leads to the acquisition of a basic overview of  the 
virtual sets (e.g. history of the field and basic concept) and basic concepts (e.g. SFX 
Shooting, concept image, story board). 
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Figure 5.2: Object diagram of the basic foundation modules, with an emphasis on 
the Virutal Sets Foundatation aggregated UoL 
5.2.3.1 Answers to general questions for evaluation 
What kind of relations can be found between the several units (prerequisite, follow-up, 
part-of, similar, etc.)? 
Due to the formal, sequential and mandatory aspect of the basic foundation modules, the 
relation between the aggregated UoL is of type “prerequisite” and of type “follow-up” 
between the simple UoL . 
 
What freedom of choice (e.g. order or units to be followed, optional elements) can be 
found in the curriculum? 
As it is a compulsory introduction to the field of virtual set, no freedom of choice is given 
to learners. All UoL are mandatory and not optional. 
5.2.4 Instantiation of an optional theory module 
Optional modules are at disposal of the learners to acquire specific knowledge necessary 
to follow the applied virtual set production module (Figure 5.3). When the student selects 
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a specific activity within a module, she must follow the module’s introductory activity. 
For instance, when a student wants to reinforce his knowledge in Lighting Theory, she 
will also need to follow the Digital Architecture Rules activity. 
 
 
Figure 5.3: Object diagram of an optional module and the mandatory UoL needed 
to participate in the optional UoL 
5.2.4.1 Answers to general questions for evaluation 
What kind of relations can be found between the several units (prerequisite, follow-up, 
part-of, similar, etc.)? 
Due to the optional aspect of the cinema production and set design modules, it is not clear 
on how the free navigation can be specified. The UoL activity for each optional module 
forms a “prerequisite” relation with the other elements. 
 
What freedom of choice (e.g. order or units to be followed, optional elements) can be 
found in the curriculum? 
It is not clear how the sequencing control must be specified, since the modules consist of 
a mix of optional and mandatory UoLs. 
5.2.5 Instantiation of the applied training modules 
The Virtual Set Production module represents the applied part of the Virtual Sets course. 
It splits into a scenario-based hands-on work and supporting theoretical activities (Figure 
5.4). The applied work is performed in a strict sequential way as students learn by 
following the procedure of a virtual set creation. The learner selects the supporting 
optional activities in the theoretical modules (i.e. Modeling, texturing and rendering) 
when her prior knowledge are limited. 
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Figure 5.4: Object diagram of the applied training phase of the curriculum and its 
scenario-based learning elements with the optional modules to reinforce the 
theoretical knowledge 
5.2.5.1 Answers to general questions for evaluation 
What kind of relations can be found between the several units (prerequisite, follow-up, 
part-of, similar, etc.)? 
The two scenarios supporting the applied work are followed sequentially; the Weather 
Man scenario being the prerequisite of the Elections Scenario. Activities within these 
modules also follow one other sequentially. The optional theoretical UoL can be 
navigated with freedom and therefore do not carry any type of relation between one 
another. 
 
What freedom of choice (e.g. order or units to be followed, optional elements) can be 
found in the curriculum? 
Students can freely move from the applied UoLs to their theoretical counterparts. Within 
the scenarios, elements have an order that must be followed. 
5.2.6 Tools for planning the curriculum and getting an overview of 
the planned activities 
The designers of the curriculum almost exclusively planned the modules and activities 
with MindJet’s MindManager (Figure 5.5) and a word processing tool. MindManager is a 
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software for visualizing and managing information, allowing teams to collaborate on 
planning. 
 
 
Figure 5.5: An overview of the Virtual Set curriculum designed with MindManager 
5.3 Conclusions 
From the evaluations presented in this chapter several observations can be made. First of 
all, both the bottom-up approach of using an existing standard, and the top-down 
approach of the learning path description models provided a general enough basis for 
modelling the domains of expertise. A second observation is that, in contrast to our 
expectations, the structure of the competence development program is far more restrictive 
than the university course. This may be partially explained by the fact that the goals of 
the digital cinema program are far more specific than the goals of a general university 
course. As a result, designers of a relatively short-term training program offer their 
learning objects in a more sequential manner. 
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6 Prototypic Tools for Competence Development 
Programs 
In this chapter we describe the prototypic tools that have been created within work 
package 7 during the first project year of TenCompetence. The first tool described in this 
chapter is a competence editor, which provides a flexible way of developing this model, 
and to exchange its contents from one context to another. The second tool provides 
graph-based overviews of learning path descriptions, according to the models presented 
in chapter 3. These overviews can be used by e-learning material authors for positioning 
their material and for creating tentative learning paths, as well as by students for planning 
their learning routes. 
6.1 Competence Editor 
To evaluate the usefulness of our framework, the competence-based domain model 
presented in chapter 3 has been fully implemented as XML libraries in order to develop a 
generative schema as a basis for experimentations and evaluation. Such representation 
rests upon three independent main XML schemas covering the RCD competencies, 
context, and level of proficiency. The choice of a distributed representation strategy 
conforms to the compatibility requirements of future ameliorations associated with each 
of the three main competence components. In addition, such a representation enables the 
reusability of competence fragments and the composition of composite ones, a matter that 
was empirically proven to be of a large utility in generating new ones or upgrading older 
ones.  
 
These XML libraries were linked to a user interface that in turn provides an easy and 
efficient way to edit competences, save them, and scroll between them. In practice, the 
interface also divides the competence in three sections, each representing one of the main 
XML schemas or constituents. These sections are hosted by tabs located on the 
interface’s main container, making it easy for the user to focus on a section 
independently. A “main” tab represents the competence’s signature, or a distinctive 
summary of the fields encompassed in each of the three sub-models, RCD, context, and 
proficiency level. These sections can be independently abstracted or detailed to allow the 
user to focus on certain ones. 
 
The competence editor composed of the XML representational libraries along with the 
interface have been used to implement competences related to several fields including the 
emerging field of Digital Cinema (DC). The competences related to Digital Cinema differ 
from those addressing classic cinema with analog technology. Since this new field has 
added new expertise and knowledge to cinema, a need arise to reformulate existing 
competences and add new ones. Such scenario provides a good validation framework 
where the competence models developed could be tested to verify its usability and utility 
in aiding the formulation of new competences and the upgrade of older ones.  
 
We utilized a set of previously developed basic competences as our primary collection, 
and then tried to adapt this collection to incorporate several new aspects of digital 
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cinema. Since this collection of competences has been formulated in accordance with our 
competence model, migrating it to suit new developments in digital cinema was relatively 
unobstructed and easy. The editor allows three main manipulations of a competence: 
breaking a competence to its three main constituents for recycling, editing a 
competence’s fields, and merging competences. For example, using these manipulations 
we easily migrated the competences of production sets into competences suitable for 
virtual sets production.  
 
 
Figure 6.1 – Competence Editor. The editor facilitates our research on domain modeling, 
and is not intended to be used by end-users. 
 
6.2 Graphical Overviews of Learning Paths 
In this section we describe the implementation of the learning path description models, as 
described in chapter 3. The implementation consists of OWL models for the Competence 
Development Program Model, Domain Model and Learner Model. Sample instances of 
the models have been implemented using the open-source editor Protégé, and used for 
experimentation with visualizations and query mechanisms in the Java Eclipse 
framework, making use of the Jena2 Semantic Web Framework. 
 
The next sub section describes the software platform used for the implementation. 
Section 6.2.2 briefly deals with implementation details, in particular the instantiation of 
the models. The core functionality of the graphical overviews is discussed in section 
6.2.3. 
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6.2.1 Software Platform 
For the implementation we made use of two open-source platforms: the Protégé Ontology 
Editor and Knowledge Acquisition System, and the Jena2 Semantic Web Framework. In 
this section we shortly introduce both platforms. 
6.2.1.1 Protégé  
Protégé is a free, open-source platform that provides a growing user community with a 
suite of tools to construct domain models and knowledge-based applications with 
ontologies. At its core, Protégé implements a rich set of knowledge-modeling structures 
and actions that support the creation, visualization, and manipulation of ontologies in 
various representation formats. Protégé can be customized to provide domain-friendly 
support for creating knowledge models and entering data. Further, Protégé can be 
extended by way of a plug-in architecture and a Java-based Application Programming 
Interface (API) for building knowledge-based tools and applications. 
 
An ontology describes the concepts and relationships that are important in a particular 
domain, providing a vocabulary for that domain as well as a computerized specification 
of the meaning of terms used in the vocabulary. Ontologies range from taxonomies and 
classifications, database schemas, to fully axiomatized theories. In recent years, 
ontologies have been adopted in many business and scientific communities as a way to 
share, reuse and process domain knowledge. Ontologies are now central to many 
applications such as scientific knowledge portals, information management and 
integration systems, electronic commerce, and semantic web services. 
 
Protégé is supported by a strong community of developers and academic, government 
and corporate users, who are using Protégé for knowledge solutions in areas as diverse as 
biomedicine, intelligence gathering, and corporate modeling.   
 
The Protégé platform supports two main ways of modeling ontologies via the Protégé-
Frames and Protégé-OWL editors: 
1. The Protégé-Frames editor provides a full-fledged user interface and knowledge 
server to support users in constructing and storing frame-based domain 
ontologies, customizing data entry forms, and entering instance data. Protégé-
Frames implements a knowledge model which is compatible with the Open 
Knowledge Base Connectivity protocol (OKBC). In this model, an ontology 
consists of a set of classes organized in a subsumption hierarchy to represent a 
domain’s salient concepts, a set of slots associated to classes to describe their 
properties and relationships, and a set of instances of those classes - individual 
exemplars of the concepts that hold specific values for their properties. 
2. The Protégé-OWL editor is an extension of Protégé that supports the Web 
Ontology Language (OWL). OWL is the most recent development in standard 
ontology languages, endorsed by the World Wide Web Consortium (W3C) to 
promote the Semantic Web vision. "An OWL ontology may include descriptions 
of classes, properties and their instances. Given such an ontology, the OWL 
formal semantics specifies how to derive its logical consequences, i.e. facts not 
literally present in the ontology, but entailed by the semantics. These entailments 
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may be based on a single document or multiple distributed documents that have 
been combined using defined OWL mechanisms" (see the OWL Web Ontology 
Language Guide). 
 
Figure 6.2: Protégé with OWL-Editor Plugin 
Protégé ontologies can be exported into a variety of formats including RDF(S), OWL, 
and XML Schema. Database support is provided for MSSQL, MS Access, Oracle and 
MySQL. 
 
6.2.1.2 Jena2 
Jena2 is a Java framework for building Semantic Web applications. It provides a 
programmatic environment for RDF, RDFS and OWL, SPARQL and includes a rule-
based inference engine. Jena2 supports various databases via the JDBC drivers. Within 
Jena2, classes and their properties can be modeled directly. A document manager 
facilitates the import of ontologies, which may be created using Protégé. 
6.2.1.3 Overview of Software Used 
Below a list of the software used for the implementation, including version numbers and 
download instructions. 
 
Protégé 
version:    Protégé 3.2 
download:   http://protege.stanford.edu/download/registered.html 
Tutorials:   http://www.co-ode.org/resources/tutorials/ProtegeOWLTutorial.pdf 
 
Jena 
version: Jena-2.4 
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download:     http://prdownloads.sourceforge.net/jena/Jena-2.4.zip?download 
documentation:   http://jena.sourceforge.net/documentation.html 
 
MySQL 
version:    mysql-5.0.26-win32.exe 
download:   http://dev.mysql.com/downloads/  
documentation:   http://dev.mysql.com/doc/ 
 
mySql-Connector-j 
version:    mysql-connector-java-5.0.3-bin.jar 
download:   http://dev.mysql.com/downloads/connector/j/5.0.html 
document:   http://dev.mysql.com/doc/refman/5.0/en/connector-j.html 
 
Jgraph 
version:    jgraph-latest-stable.jar 
download:  http://www.jgraph.com/downloads.html 
 
 
6.2.2 Implementation 
In this section we provide an example how the models can be created, imported and 
visualized in our system. 
 
The ontology models and their instances are created in Protégé. In the table below you 
find the models in detail. 
 
CDP Model 
Author 
Insititution 
 subclass 
AggregatedUoL 
OWLClasses 
UnitOfLearning 
SimpleUoL 
 subproperty Domain Range 
prerequsite UnitOfLearning UnitOfLearning 
bidirectional UnitOfLearning UnitOfLearning 
follow_up UnitOfLearning UnitOfLearning 
relation 
similar <-> similar  
(symmetric) 
UnitOfLearning UnitOfLearning 
consists_of <-> belongs Insititution Author 
Belongs <-> consists_of Author Insititution 
Offers Insititution UnitOfLearning 
Object 
creates Author UnitOfLearning 
class attribute 
identifier 
name 
UnitOfLearning 
... ... 
Properties 
Datatype 
... ... ... ... 
class individual Individuals 
UnitOfLearning identifier name prerequsite follow_up ... 
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Intro_Math Intro_Math -- Calc1 ... 
Calc1 Calc1 Intro_Math Calc2a ... 
... ... ... ... ... ... ... ... ... 
 ... ... 
 
Domain Model 
Competency 
Context 
ProficiencyLevel 
ProficiencyScale 
 subclass Sub-subclass 
AggregatedUoL UnitOfLearning 
SimpleUoL 
AggregateCompetence CompositeCompetence 
AlternativeCompetence 
OWLClasses 
Competence 
SimpleCompetence 
 subproperty Domain Range 
contributes_to <-> contributes_to UnitOfLearning Competence 
alternatives AlternativeComp
etence 
Competence 
subclass_of Context Context 
Object 
parts AggregateComp
etence 
Competence 
class attribute 
identifier 
name 
UnitOfLearning 
... ... 
Properties 
Datatype 
... ... ... ... 
class individual 
identifier name ... … 
Intro_Math Intro_Math … … 
Calc1 Calc1 … … 
UnitOfLearning 
... ... ... ... … … 
Individuals 
 ... ... 
 
Learner Model 
Competence 
Insititution 
EPortfolio 
EPortfolioElement 
Learner 
Preference 
Relation 
 subclass 
AggregatedUoL 
OWLClasses 
UnitOfLearning 
SimpleUoL 
 subproperty Domain Range 
has Learner Competence 
Object 
subscribed_to Learner Preference 
Properties 
Datatype class attribute 
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identifier 
Name 
UnitOfLearning 
... ... 
... ... ... ... 
class individual 
identifier name ... 
Intro_Math Intro_Math ... 
Calc1 Calc1 ... 
UnitOfLearning 
... ... ... ... ... 
Individuals 
 ... ... 
 
 
The example model above is an OWL-based ontology. We use the Jena API for 
importing and manipulating the statements of the model. Jena also provides means for 
storing the data in a database, using the standard Java JDBC driver. For our purposes, we 
make use of the open-source database MySql. 
6.2.3 Visualization 
Making use of the JGraph graph visualization toolkit, several visualizations of the 
ontology have been created. First, there is the class ontology, which provides an overview 
of the various classes in the ontology, and details on demand. Second, the class instances 
and their relations can be visualized in a relation graph, which provides several 
manipulation possibilities. Third, a query interface with visual output may be used for 
answering questions on the domain. To conclude with, an interactive curriculum 
planning interface has been created, which provides visual feedback on the possible 
elements to add to a curriculum. These visualizations are described below. 
 
6.2.3.1 Class Ontology 
 
The class graph provides an overview of the class ontology. This visualization is synchronized with an 
hierarchical tree. This has as an advantage that the whole hierarchy is visible at once. 
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Figure 6.3: Class Ontologie 
 
Upon selecting a particular class, the property panel shows all properties of this class. 
 
Figure 6.4: Properties of a Unit of Learning 
Right-clicking a cell brings up a pop-up menu, from which one can choose to add, edit or 
remove a new class or instance. In the figures below an example is given on how to add a 
new class. 
 
 
Figure 6.5 – Adding a new class (1) 
 
Figure 6.6 – Adding a new class (2) 
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Figure 6.7 – Adding a new class (3) 
Relation Graph and Instance Graph 
The relation graph and instance graph provide two different perspectives on the instances 
in an ontology. In figure 6.8 all classes and one specific type of relation (‘follow-up’) is 
displayed. The relation to visualize is selected using a combo box, which provides an 
overview of all available relations. 
 
Figure 6.8 – A Relation Graph 
Upon clicking a specific instance, a pop-up graph shows all relations leading to and from 
this instance. In this particular example the learning unit ‘Linear Algebra’ has a 
prerequisite ‘Introductory Mathematics’, a follow-up ‘Computer Graphics’, and is offered 
by the University of Hannover. 
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Figure 6.9 – the Linear Algebra instance and its relations 
Query Interface 
Suppose that for a sufficiently large domain, one wants to know all prerequisite learning 
units for one particular learning unit, including the prerequisites of the prerequisites. This 
can be achieved using the query interface. One selects a subject, in the example of figure 
6.10 Computer Graphics, and the relation ‘prerequisite’. Now the subject is colored red, 
and all prerequisite courses are marked yellow. Thus far, the query interface only 
facilitates these simple kinds of queries. Future versions will facilitate more complicated 
queries by combinations of conditions. 
 
Figure 6.10 – Prerequisite Courses for Computer Graphics 
Curriculum Planning 
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Perhaps the most important visualization from a learner’s perspective is the curriculum 
planning interface. It allows the learner to explore all possible options for creating an 
individualized curriculum, with visual feedback on what already has been planned and 
the actual options. A simple color-coding mechanism is provided for this purpose: 
• Followed courses are marked grey 
• Planned courses are marked yellow 
• Courses that may be followed, given the current selection, are marked green 
• Courses for which prerequisites fail, are marked red. 
 
Upon selecting a course, the color coding is updated: the selected course is marked 
yellow, and all courses for which the prerequisite conditions are satisfied now, will be 
colored green.  Upon removing a course from the curriculum planning, all courses for 
which the prerequisites are not satisfied anymore, are colored red. If one of these courses 
had already been planned, a confirmation dialog appears. 
 
 
Figure 6.11: Curriculum Planning 
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7 Concluding Remarks 
In this document we presented the first results of our research toward a standards-based 
description of competence development programs, which facilitates lifelong learners in 
finding or creating the learning paths that fit their particular goals. Following a top-down 
approach, we constructed UML diagrams that represent the various issues that are 
relevant in this topic. Simultaneously, we analyzed how fit existing standards for 
describing curricula are for our purpose. The analysis of the domains of expertise shows 
that both approaches are promising, but that there are still many open issues. 
 
From the evaluation of the competence development program in the digital cinema 
domain it can be observed that short-term programs are quite rigid in structure. On the 
level of competence development programs, a sophisticated pedagogical modeling 
approach with many alternative structuring mechanisms seems to add unnecessary 
complications. This implies that it would be wise to concentrate on the development of 
tools to work with simple constructs like prerequisite and follow-up instead. A first 
prototypic visualization and query system for these constructs has been presented in 
section 6.2.  
 
Given the differences in focus of the various projects and initiatives on specifications for 
curricula, competences and development programs, and the resulting differences in 
modeling approaches, it makes sense to adopt a demand-driven approach – which 
(meta)data is needed for the tools that we intend to provide, and which (meta)data can be 
provided by e-learning authors without investing too much effort. In the upcoming period 
we will further refine our editors, further experiment with the positioning and navigation 
services – as presented in chapter 1 – and start working on advanced visualizations for 
competence development programs. Based on the empirical results and further input from 
researchers in the field, the insights and modeling efforts as presented in this document, 
will be further refined. One of the main conclusions that can be drawn from this 
document is that merely working on a specification is not sufficient; an iterative 
approach, with feedback loops from the facilitating tools and the services that are 
facilitated by the specification, is needed for heading toward a learning specification that 
is fit for being used in practice.  
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Appendix A - Structuring Curriculum 
Appendix to chapter 4 
 
Phase-subphase Entry requirements AND/OR [notes] AND 
[Activity Structure (AS) : Name]  
BAMA (56)  
Bsc (42) (5 modules of ‘free space’, NOT being part of subsequent Master)  [AS: Bachelor] 
Propedeutic (14) [recommended order] [AS: BA – Propedeutic] 
S121122 - none -  
S09213 - none -  
S23222 - none -  
S13111 - none -  
S11121 - none -  
S60321 - none -  
S10121 - none -  
S35311* S13111 [AS: S35311-Intelligentie en sociale competentie] 
S04231* [Entry requirement will not be detailed out for the modelling] 
S09121 - none -  
S25211 - none -  
S22221* [Entry requirement will not be detailed out for the modelling] 
Postpropedeutic (11) [recommended order] [AS: BA-Postpropedeutic] 
S08111 - none -  
S02121 - none -  
S17211* Propedeutic phase should be finished 
S24211* [Entry requirement will not be detailed out for the modelling] 
C01221 - none-  
S31211* [Entry requirement will not be detailed out for the modelling] 
S34211 -none- 
S20211 -none-  
S14321 -none- 
                                                 
2 For all Course titles, see Appendix - B.  
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Appendix B - Course Codes and Course Titles 
Appendix to Chapter 4 
 
Code Title 
S12112 Inleiding in de psychologie 
S09213 Sociale psychologie 
S23222 Klinische psychologie 1: persoonlijksheidstheorieën en psychopathologie 
S13111 Onderzoekspracticum kwantitatieve data-analyse 
S11121 Inleiding in de arbeids- en organisatiepsychologie 
S60321 Inleiding in de gezondheidspsychologie 
S10121 Ontwikkelingspsychologie 
S35311* Intelligentie en sociale competentie 
S04231* Onderzoekspracticum Inleiding psychologisch survey 
S09121 Functieleer en biologische psychologie 
S25211 Inleiding in de neuropsychologie en psychofarmacologie 
S22221* Onderzoekspracticum literatuurstudie 
S08111 Geschiedenis van de psychologie 
S02121 Sociologie 
S17211* Gespreksvoering 
S24211* Onderzoekspracticum nonparametrische data-analyse 
C01221 Wetenschapsleer 
S31211* Onderzoekspracticum observatie en interview 
S34211 Cultuurpsychologie 
S20211 Test-en toetstheorie 
S14321 Selectiepsychologie: selectie en assessment 
S05251* Onderzoekspracticum inleiding psychologisch experiment 
S22321* Leren en trainen in organisaties 
S26212 Psychologie van arbeid en gezondheid 
S64321 Gezondheidspsychologische interventies 
S28311* Inleiding in conflicthantering en mediation 
S06211 Ergonomie 
S32321 Klinische psychologie 2: diagnostiek en therapie 
S33321* Inleiding in de seksuologie 
S07231 Arbeidspsychologie en sociologie 
S02232 Personeelsmanagement 
S63321 Interventies bij organisatieverandering 
S69312* Onderzoekspracticum psychologische experimenten 
S68312* Onderzoekspracticum psychologische surveys 
S61311* Klinische gespreksvoering 
S62311* Testpracticum psychodiagnostiek 
S67311 Klinische psychologie 3: de ambulante praktijk 
S70311* Patiëntenvoorlichting en chronische zieken 
S55317* (4) Stage 
S71322* (2) Onderzoekspracticum: scriptieplan 
S58337* (5) Empirisch afstudeeronderzoek: scriptie 
S27311 Coachen van managers 
S30211 Groepen inorganisaties 
S54317*(4) Stage 
S71322* Onderzoekspracticum: scriptieplan 
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S57337*(4) Onderzoekspracticum: scriptie 
S01412* Research proposal psychology 
S02412* Pilot-study psychology 
S0314B*(6) Master of Science research 
S04412* Scientific and professional publishing 
S05411*  Advanced Research 1 
S06411*  Advanced Research 2 
S62321 Testpracticum psychodiagnostiek 
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